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A B S T R A C T .
The d;>Tiamic mechanical properties of rod like polymer specimens, 
plastics, and rubbers have been studied in some detail during the last 
decade, Nevertheless, comparatively less information is available
on fibres of normal textile counts. This project, therefore, was 
undertaken with a view to investigating the dynamic mechanical properties 
of severl natural and synthetic fibres of normal textile counts ever a 
wide range of temperature and /or huiaidity. For this purpose two 
experimental techniques have been developed in the Fibre Science labo­
ratory at the University @f Strathclyde.
One of the experimental techniques is similar to that used by 
Meredith and usu^^ for measuring the dynamic bending properties of dry 
fibres in vacuo over a range of temperature. Certain modifications in 
the design of the apparatus have been made in ord.er to minimise conduction 
losses through the fibre mounting system so that in vacuo the temperature 
recorded by the sensing; element v.ras as close as possible to the temperature 
of the fibre.
The other experimental technique is similar to that employed by 
Yoshino and Takayanagi for measuring the dynamic tensile properties of 
films and monofilaments. To make dynanic tensile measurements possible 
on fibres of rurmel textile counts end fibres from tyre cords over a wide 
range of temperature and/or humidity the apparatus was designed in the
laboratory and nade in the \/ork shop with finer strain gauge systems sjid 
other necessary accessories,
A detailed description of the apparatus and working procedures 
have been given in the thesis.
Measurements were carried out on several fibres like wool, silk, 
Fibrolane, ramie, Fortisan, viscose rayon, acetate, Tricel, Acrilan l6, 
Orion, three types of polypropylene, eight types of nyl#n 66, Terylene, 
Daoron and finally three types of polyblend fibres.
The results are discussed in the light of the information ava^labl< 
to date oh dynamic mechanical properties, MIR spectroscopy and infra-red 
spectroscopy on high polymers.
Optical, physical and tensile properties of some of the synthetic 
fibres have also been studied to find the correlation of these properties 
with the observed d;^ najoic mechanical properties.
Finally the effect of heat setting of Acrilan 16, nylon "6 type 
and Terylene on ti.e optical, physical, and mechanical properties of these 
fibres have been studied.
CHAPTER 1 INTRODUCTION
1,
INTRODUCTION
1. General Introduction,
The physical properties of high polymers at any given temperature 
are determined to a great extent by the internal mobility of the 
chains of which they are composed} It is therefore of considerable 
practical, as well as theoretical, interest to know the types of 
molecular motions present in a given polymer and how these motions are 
related to the composition and strucf&^e of the polymer as well as to 
the temperature.
Three of the most useful physical methods for studying internal 
motions in polymers chains fire nuclear magnetic resonance, (NÎ®), 
dielectric dispersion and dynamic mechanical measurements. Dynamic 
mechanical methods consist of measuring the in phase and out of 
phase deformational responses of a polymer specimen subjected to an 
applied alternating stress. Dielectric methods consist of measuring 
the response of dipoles in a material to oscillating electric fields. 
Nuclear magnetic resonance method consists of measuring the response 
of a material to/small radio frequency magnetic field while the specimen 
is maintained in a strong steady magnetic field. In many ways it is 
analo^ -^ is to dielectric dispersion measurements in that they both 
measure a resonance phenomenon between the dipoles and applied field.
In dielectric measurements electric dipoles and electric fields are 
involved, while in Mffî measurements, magnetic dipoles and magnetic
2.
fields are involved. However, one of the most important dif­
ferences between the tv;o methods concerns the dipole rotation which 
is brought to resonance with the applied oscillatory field.
In dielectric measurements, the dipole oscillating under the 
action of the electric field consists of a group of atoms, and its 
rotation is restricted hy the viscous contacts with the neighbouring 
molecules. The characteristic features of the dipole dispersion 
curve are determined almost entirely by these viscous forces.
In nuclear magnetic resonance measurements however, the dipoles 
are the nuclei of the atoms, and rotation of nuclear dipole^can take 
place through the rotation of the nucleus of the atom. In general, 
the atom itself does not move and hence, no viscous forces are involved.
The dielectric dispersion of polar polymers is a valuable tool
for determining the rate of motion of dipoles. Nevertheless, the method
is apparently restricted to polymers where the main chain contains
judiciously placed polar groups. However, there are no such restriction
in the nuclear magnetic resonance method and it is becoming a very
V
popular technique for stud^ _ng segmental mobility in polar and non polar 
polymers.
A study of physical properties of high polyners can never be 
complete without an understanding of the fundamental molecular structure 
of long chain polymers. For such a study, however, recourse ia made
to the well established x-ray diffraction technique and to the more 
radical infra-red spectroscopic technique.
2. • Vis-00 elastic Properties.
The classical theory of elasticity deals with mechanical 
properties of perfectly elastic solids. Prom Hooke’s la?: for such 
solids the stress is alv/ays directly proportional to strain but is in­
dependent of the rate of strain. The theory of hydro-dynamics,however, 
deals wit]] the properties of viscous liquids, for which in accordance 
with hewbon is law the stress is always directly proportional to rate 
of strain but is independent of strain itself. These theoriAo are 
idealisations and any real solid shows deviations from Hooke's law 
under suitably chosen conditions, and it is also probably true that 
any real liquid would show deviations from Newton"'s law if subjected to 
sufficiently precise measurements.
There are two important deviations. Firstly, the strain in a 
solid or the rate of strain in liquid may not be directly proportional 
to stress but may depend cn stress in a more complicated way as is 
familiar when the elastic limit is exceeded for a solid. Secondly, 
the stress may depend on both the strain and the rate of strain to­
gether with higher time derivatives of strain. Such time dependent 
behaviour of materials reflects a combination of liquid-like and solid­
like characteristics and is therefore, called viscoelastic.
4.
If in a given experiment the ratio of stress to strain is a 
function of time alone, and not of the stress, the viscoelastic hehaviour 
of the material is said to be linear. Its mechanical properties can 
he duplicated by a model consisting of a suitable combination of springs 
that obey Hooke's law and viscous dash-pots (i.e. pistons moving in 
oil) which obey Newton’s law (Fig l).
(b)
(a)
Fig.l. (a) 
(b)
Voigt Model (Spring and dash-pot in parallel) 
Maxwell Model(Spring and dash-pot in series)
3. Dynaxiic mechanical measurements.
When a viscoelastic material is subjected to sinusoidally oscil­
lating stresses of small magnitude so that the viscoelastic behaviour 
of material is linear, the strain will also alternate sinusoidally, but 
will bo neither exactly in phase with stress (as it would for a perfectly 
elastic solid) nor out of phase (as it would for a perfectly 
viscous liquid) but will be some where between 0 and ^2, as shown in 
Fig. 2.
strain
/stress
5.
Fig.2. (a) Relation between sinusoidal stress and strain
(b) Vector diagram.
This behaviour is represented in equations 1 and 2
0 = 0 sin*^ t
0 (1)
where e& is dynamic strain amplitude and O  is the anguls.r frequency 
of vibration, and
f^ = f^ sin ( tJ t + ^ ) ....... (2)
where f^  is the amplitude of stress and 6 is the loss angle 
Equation 2 can also be v.œitten as
f = f^ (cos 6 sin lO t + sin b cos t)     (2a)
Equation (2a) implies that the stress in this case can be decomposed 
vectorially into two components. One is in phase with strain and the 
other7?/2 out of phase.
Defining as the ratio of the component of stress in phase 
with strain to the strain (storage modulus) and E" as the ratio of the 
component of stress out of phase with strain by*^/2 to the strain (loss 
modulus), then
f - e (e * sinUt + E" cosu^t)   (2b)
and E ’ = E* cos & , E” = E"^  sin & (3)
.where E is defined as the ratio of stress amplitude to strain amplitude 
i-e.,
6.
Therefore, = 'Ë ^ + E'‘^  ,    (4)
and
tanS - S" / E* ,
where tan 6 is called'the loss tangent ’or’ dissipation factor'and 
S is the phase angle between stress and strain (Pig. 2b)
Introducing the operator i, equation (4) may be written as
/ B* / = E' + iE'f, where / E"^  / represents the absolute value 
of the complex number (E' + IE").
The dynamic mechanical measurements at any given frequency thus 
provide two independent quantities, the storage modulus and loss modulus. 
The modulus, however, may be a shear, a Yeung's (bending or tensile), 
or a bulk modulus depending upon experimental equipment. The dissipation 
factor is a very useful parameter (dimcnsionless) and is proportional 
to the ratio of energy dissipated per cycle to the maximum potential 
energy stored during each cycle. These properties are very sensitive 
to phase transitions, orystallinity, cross-linking, phase separation and 
molecular aggregation and msry other features of molecular structure of 
polymer chains and the morphology of the bulk materials. In the study 
of the structure of high polymers, as mentioned earlier, the most far 
reaching techniques in current use are those cf dynamic mechanical testing, 
infra-red spectroscopy, and nuclear magnetic resonance (iR'IR) spectroscopy. 
These techniques, particularly when studied cojointly over a wide t'emperat 
range, are capable of giving some insight into the probable behaviour of
7.
the amorphous components in polymers*
However, in order to exploit the full potentialities of dynamic
mechanical tests alone, measurements should be made over a wide range
of temperatures and frequencies and probably humidities as well. Since
no single instrument can possibly cover a range of frequencies say 
-5 4
10 to 10 ops.,. many types of instruments have been used by various 
research workers. These instruments for fibres, yarns, and films range 
from the less sophisticated torsion pendulum to the more sophisticated 
pulse propagation technique involving the use of an expensive and 
elaborate electronic equipment. Nevertheless, much useful information 
may be obtained in a short time by measuring the dynamic mechanical 
properties at a fixed frequency and over a wide range of temperature 
and/or humiditjf^. With this object in mind the present investigation 
of fibres was carried out on two instruments^ one callable of measuring 
the dynamic bending* properties of dry fibres over a range of temperatures 
at frequencies between 50 - 400 ops, and the other capable of measuring 
the dynamic tensile properties of fibres over a range of temperatureSi 
and/or humidities- at a frequency of 20 ops.
Before dealing with !;he actual experimental procedure involved in 
the present investigations, it may be useful to discuss some basic theorie 
of mechanical properties and revierv tlie r el avant literature thereon.
8.
4* Chemical bonding s Molecular motion s Segmental relaxation s 
Energy dispersion.
The theories presented in this chapter are based on those proposed 
by some of the research vrorkers like Gordon^, Perry^, Nielson^, Bueche, 
dpodman^, Tobolsky^, Yasaka Wada^, and Treloar^.
■ The mobility of a polymer chain is the collective mobilities of 
its individual bonds. The bonds can bo visualized as tiny flexible 
steel springs between pairs of atoms, springs which vibrate, and when 
vibrated too strongly nay strain to brealcing point, moreover, the springs 
rotate about their axes and bend and \7aggle. The vibrating and 
bending motions are known to occur with frequencies of about in^^ or so 
revolutions per second. These modes interact with and absorb the
energy of electromagnetic vibrations in the infra-red and far infra-red 
regions and spectral studies provide the key to their understanding.
However, rotation about the bonds in the back bone of a high 
polymer is the most important mode of molecular motion in determining 
physical and mechanical properties of polymers. According to the recent 
theory, of rotation and. rotational isomerism, all bond rotations have to 
overcome certain energy barriers opposing their course, even the so callôd 
free-rotations postulated in organic chemistry. Below a certain temper­
ature, ’depending on the height of the energy barrier, complete rotation 
is 'frozen out' of molecular mechanics and only torsional vibrations between 
insuperable barriers remain in the bond under consideration.
9.
Compounds containing 0 = C bonds give rise to cis and trans isomers 
which are stable at ordinary temperature because of the high energy
barrier required to over come the anti-rotation barrier inherent in the
electronic structure of C = 0 bonds. The low barriers in the rotation 
about single C - C bonds usually only become effective at liquid air 
temperature in preventing rotations, so that isomers cannot be isolated 
at normal temperatures. However, with reinforcement of the barrier by 
steric hinderancc to rotation by suitable substitution with big groupingr 
enables compounds to be resolved into isomers stable at room temperature. 
Superimposed on the electronic structure and the steric hinderance
barriers, a third kind of barrier in the form of dipole forces is also
effective. The rate at whicii such a process takes place in 
isolated molecules is related to the absolute temperature by the 
Arrhenius equation.
K = A,e-®A" ..... ..(5)
where E = energy of activation 
A “ a. constant 
R = gas constant.
Because of the shape of the exponential function, equation (5) 
does, of course, predict tha.t there is a considerable range of 
temperature over which rotation becomes progressively more pronounced, 
rather than a sharp critical temperature at wiiioh it sets in suddenly.
10.
While this is true of gases, in condensed phases (liquids and or solids), 
however, sharp transitions are encountered. This is because in liquids 
and or solids the molecules are packed close together and therefore affect 
each others rotational barriers.
The foregoing account of rotational transition in ordinary small
molecules, though very brief, makes it clear that such transitions will
occur when high polymers are heated to melt (in the case of melting
polymers) or vice versa. These transitions include crystal melting,
first order crystalline transitions, glass transitions and secondary
glass transitions. The properties of poly crystalline materials must
obviously be determined by the structure p,s a whole (of both crystalline
and non-crystalline components). Ho'.a-ver, there are certain features
of the mechanical behaviour that are influenced mainly by the non -
crystalline components. It is accepted that because the chains, in
the amorphous polymers or in the non-crystalline parts of crystalline
polymers, are less constrained than those in a close packed lattice,
they are more readily able to undergo local vibrational and rotational
movements with corresponding* configurational changes. Therefore, such
movements will readily occur when fibres are subjected to mechanical
stresses. For each material there is a characteristic short region
of temperature above which the amorphous substance is ductile but bel01/ wh:
it has a substantially glassy character; tliis region is termed the second-
order (or glass) transition temperature, T , and it is found to occur
&
11,
for most common synthetic fibres somewhere between -40 and 150° C 
varying somewhat in each case with the diagnostic method used and the 
degree of orystallinity and orientation already present. It has been 
generally assumed that^transition temperature T^, represents a point 
above which significont local segmental motions become possible, and 
this view is supported by growing evidence from I'THR investigation's, 
which provide a means of following changes in the position of bonded 
hydrogen atoms. On the other I'uind, molecular motion of a loi.er
order called secondary glass transitions are perceptible in certain
Q
polymers even down to -180'C. The interpretation of these changes
is the central, problem of much of the research on the amorphous regions. 
The smaller molecular motions detected by M'lR at very low temperatures 
are being ascribed to oscillations or partial rotations of certain small 
groups in the amorphous regions, these motions becoming complete only 
at higher temperatures.
Transitions due to molecular motion in the non-crystalline regions 
aie also observed for many natural fibres like cellulose, wool, and 
silk. Just which se^ pnents or parts of segments that are resïjonsible 
for such transitions, hD^ '-over, is at present far from clear.
The natural relaxation rates at any given temperature associated 
with deformations in a polymer involving segn^ ental motions in the non­
crystalline regions, lead to special rate-dependent effects.
12
This occurs when the applied forces are large enough to cause
deformation faster than those which can be aocoimiaodated by the natural
relaxation rate of segments. This is explained by the fact that
dynamic moduli exceed the static ones. The effect of rate of loading
at small deformations on physical properties can be conveniently studied
by imposing sinusoidal vibrations of various frequencies on the specimen.
fK*-
At each température there is then a resonant frequency, at which/imposed 
the frequency matches the average time taken by a segmental jump. In 
dynamic mechanical testing when the applied frequency matches the 
average segmental relaxation rate of the polymer chains, maximui; 
absorption of energy takes place. Such energy absorption in/glass 
transition region results in tan 6 rising to a peak. 7%^  6-oss maximum 
pealv is obtainable either as the temperature is varied at fixed 
frequency (segmental frequency variable, applied frequency fixed), or 
as the frequency is varied at constant temperature (a;>slied frequency 
variable, segmental frequency fixed) Fig.5 illustrates this with typical 
temperature and frequency scales.
The dynamic elastic moduli rise from a low value in the rubbery 
state to a high value in the glassy state, either as the frequency is 
raised or as the temperature is lowered. In the gl^ s^s transition 
region the rate of change of moduli is a maximum.
Similar energy dispersions due to secondary glass transitions are 
perceptible at lower temperatures or higher frequencies.
15
It is apparent from Fig. 5? that the temperature at y/hich a loss 
maximum appears will shift with frequency or vice versa. Nielson^ 
has calculated the shift in temperature of maximum daiaping for a decade 
change in frequency, as a function of energy of activation. His values 
shov/ that tho higher the energy of activation or the lower the reference 
temperature, the smaller is the temperature shift in the damping pea.k. 
Nielson's calculated values are in general agreement with the existing 
experimental data on mechanical dispersion of semi-crystalline poljnners 
compiled by Yasaka hada^. In the glass transition regions where the 
energy of activation is generally high, most common polymers have a shift 
of about 7^ - 8*^ 0 for a decade change in the frequency. The secondary 
peaks have a smaller energy of activation and correspondingly larger 
shifts occur in the temperature maximum with change in frequency.
TYPICAL TEMPERATURE SCALE IN ®C AT SOME FIXED FREQUENCY
70 ao 90 100 110________ 120 130
-1 0
- 10'
-10
GLASS
TYPICAL LOG [FREQUENCY SCALE A T  SOME FIXED TEM PERATURE
Fig.3. Relaxation behaviour of polymers (schematic)^.
Curve A, energy loss. Curve B, Young's modulusBoth curves are 
functions of temperature (upper scale) or frequency(lower scale). 
The vertical .line denotes the dynamic glass-to-rubber transition.
14.
5.Criteria for Primary and Secondary Dispersions,
The primary dispersion or dispersion due to glass transition 
being caused by movements of large sections of chain molecules in the 
amorphous phase, may be expected to follow the following criteria 
proposed by Yasaka Wada^,
(1) The loss peak height should increase u/ith increase in the 
fraction of the amorphous phase,
(2) The activation energy should be relatively large, say several 
tens KoaL / mole as estimated from that of perfectly amorphous polymers,
owing to the large unit of motion,
(5) The thermal expansion curve should have a point of discontinuity 
in slope (t ) in the vicinity of the loss peak temperature at very low 
frequencies,
(4) Tg should be roughly two-thirds of the crystalline melting
point T 9 when measured in absolute temperature scale. This relation- 
m
ship, however, is only an emperical one, but has been confirmed for 
many substances exhibiting the glass transition.
The mechanism of the secondary dispersion has not yet been fully 
understood. However, many research workers attribute the secondary 
dispersion of a specific polymer to the rotation of a specific group 
of atoms in a chain molecule. Tentatively, it is at least valid to 
say tJiat the secondary dispersion comes from local motion of segments 
in the amorphous phase, and the dispersion mry bo expected to obey the
15-
following criteria,
(5) The loss pealc should increase with increase in the relative 
amount of the amorphous phase.
(6) The dispersion should he observed at lower temperatures than 
the primary one.
(7) The activation energy should be smaller than that of the 
primary dispersion, roughly estimated as ten hc'dl /mole or so.
It is now generally agreed that semi-crystalline polymers exhibit 
a more complex dynamic mechanical behaviour than was formerly believed. 
Since the facts reveal a very wide region of temperature, extending over 
a range of at least 16S^C, and frequently as much as $00°C, in which 
relaxation process accompanied by changes in elastic moduli occur, it
9may bo interesting to mention a rather extreme point of view of Treloar . 
He feols "particularly when two or more distinct relaxation processes 
can be resrlved, the question of which, if any, of the observed processes 
should be regarded as the glass transition becomes arbitrary, if not 
meaningless, "filfbourn^ '^  has worked on the basis that tho glass 
transition is the process corresponding to the onset of mobility of the 
main polymer chain. Such a definition, puts the onus on the inter­
pretation of the observed properties rather then the properties them­
selves, and leads, on Hilbourn' s own admission, to many difficulties."
He further goes on to say the.t "From a purely phenomenological stand 
point, no absolute criteria for discriminating between observed
16.
transitions is possible, and it appears to the Vvoriter (Treloar) that 
the concept of gl.ass transition, though valuable as a help in interpreting 
the general pattern of behaviour, is not necessarily applicable to the 
detailed fine structure of the relaxation spectrum, and provides no 
information that is not already available in the experimental data".
CHAV'ffilR 11 LITERATtlEE SURVEY
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LITSRÂTTJRE SUR-VEY
The field of dynamic mechanical testing’ of polymers is fairly new, 
hut it ha.s been considered to he ono of the most important techniques 
from both practical and scientific stand pointf.
Since the effect of temperature and/or humidity on dynairdc bending 
and tensile properties ha.s been the subject of study in the present 
investigation, it may be useful to review briefly the v;ork of some of 
the research workers on this subject.
1, Djmamic bending properties,
11Peirce v/as the first to use a free vibration method to measure 
the flexural rigidity of cotton fibres through Searle's double pendulum 
technique.
12Warburton obtained higher values of bending modulus of horn Keratin
in absorption than in desorption over a range of 0 to '^Ofo regain. He
also observed that the variation of bending modulus with regain was very
15much greater than that of tensile modulus as observed by Woods but 
compared favourably with the variation of torsional rigidity as measured 
by Speakman^"^’
15Loohner observed that for wool and cellulose acetate fibres under 
forced vibration in a vacuum, the damping capacity in bending was higher 
than that in torsion.
The dynamic bending modulus and damping capacity of wool, untreated,
18.
acid carbonised, and carbonised and naturalised were measured by Linooln^.^ 
17Tan Wyk established that tho dynamic bending modulus of wool, 
mohair and human hair reduced to a third of their values, from dryness 
to saturation. The shape of the cun/e relating bending modulus to 
absorbed water ’/as found to be similar to that of torsional rigidity.
He reports that due to fibre swelling the stiffness of the fibres was 
reduced by approximately one half of the extent to which the bending 
modulus was reduced on the absorption of n-ater,
Horio et al^^ observed that a direct linear relationship existed 
between the dynamic bending modulus and the orientation of the fibre as 
measured by double refraction. The l^ss tangent also increased 
linearly with orientation at low frequencies but became independent of 
orientation above ops. This was ascribed to the increase in number 
of secondary bonds with orientation. At low frequencies these bonds 
cause internal friction, but at high frequencies they behave as fixed 
points due to their inability to respond to rapid changes.
Horio nnd Onogi^ '^  using forced vibration technique obtained a value 
10 2of 3*3 10 dyn/cm for the bending modulus of cellulose acetate filaments. 
It was also noted that the modulus was independent of frequency over a ra,nge 
of 4-3 to 11,000 cps.
The influence of air damping on resonant frequency v/as calculated
20 ’ * 21with the help of equations deduced by Stokes , by Karrholm andSchrbder ,
19.
Experimental verification was performed on model circular viscose rayon 
using cantilever vibration method. It was shovm that Young’s modulus
by bending v/as 1,5 times that by stretching. Values of the moduli for 
wool, nylon and human hair were obtained. %ey observed two resonant 
frequencies around the principffi.4 ax&s of inertia in the case of the 
elliptical hairs and the ratios of these frequencies were equal to the
lit 22ratios of the fixes of the ellipse. In another paper Karrrholm 
reports the dynamic bending modulus for viscose rayon filaments with 
different amounts of formaldehyde content. A maximum value of the
modulus was observed at about Jfb fixed formaldehyde content. Her
results indicated that below 53^? the number of cross-links increased 
steadily, where as above 5/^ the length of the cross-link was greater,
25Okajima and Sitzulci used a vibrating reed method to measure the 
bonding modulus of viscose rayon. The mean resonant frequency of four 
readings taken a,t right angles to one another was used to calculate the 
bending modulus. The four resonant frequencies obtained at right angles 
to one another were, of course, dependent on tho shape of the fibre 
cross section.
n A
Schroder has described a simple mechanical device to determine 
the dynamic bending stiffness of single fibres. Tyre cord rayon was 
found to be less stiff than cotton fibres used in tyre cords. However, 
due to inherent characteristics of cotton the stiffness values showed 
a larger scatter.
20,
25Wakelin has reported that the dynamic bending modulus increased 
by a factor of 5*5 for nylon 66 monofilaments and 5*8 for Dacron mono­
filaments for a one to six increase in the draw ratio. At the same
draw ratios, tho quasi-static tensile modulus wa.s generally lower than 
the dynamic bending modulus, the difference being greater for nylon 66 
than for Dacron and being more pronounced at the low draw ratios.
This has been attributed to the effect of stress relaxation. For a 
homogeneous isotropic material with a Poisson's ratio of 6.5»y the 
ratio of the Young's modulus to three times the shear modulus should be 
unity. However, this ratio v/as found to be about 5 for nylon 66 and 
greater than 5 for Dacron at a draw ratio of 6. These results, along
with those obtained at lower draw ratios, indicate that both filaments 
became progressively more anisotropic with drawing.
Marlow^^ found the dynamic bending modulus of nylon 66 monofilaments
to increase linearly with increasing draw ratio. His values obtained
at 2u - 2000 ops were slightly lower than the dynamic tensile modulus
27obtained at 0.1 ops by Adams' , This considerable measure of
agreement is considered as indicative of the equality of the moduli of 
compression and extension in bending.
Kawaguchi^^ usingjvibrating reed method has studied the dynamic 
mechanical behaviour of dry undrawn monfilaments of/number of polyamides, 
over a temperature range -140^0 to 200^0 at about lOO ops. He observed 
four dispersion regions characterised by loss peaks at _120^,
21.
and near the melting temperature. It is believed that the high
temperature (X peaJc reflects the onset of chain mobility accompanying
/ r
the crystalline melting process, and the OL pealc occuying at about 
90°C is ascribed to the motion of large chain segments caused by the 
breaking of inter-molecular bridging in the amorphous regions. Since 
the properties of the proton groups in the molecular chain have been 
found to influence the dispersion at -40 C^, it is attributed to the 
segmental motion involving non-hydrogen bonded amide groups. The >f 
peak at -120^0 is attributed to the onset of co-operative movement of 
CHg groups.
The mechanical dispersion of various polyamides has been most
29fully investigated by Woodward, Criosman and Sauer . All their 
experiments were carried out on rods of about 12 cm length and 0.6 
cm diameter using a modified transverse beam apparatus. In earlier
30
studies carried out over -193 0 to about 257^ 8 range • all the polya­
mide samples investigated were found to exhibit three damping peaks 
around -103^0, -25^0 and 77^8 ( V*', ^  and oC peaks respectively) and at 
the highest temper^ature an upswing in the mechanical loss or damping 
was also observed. These changes were accompanied by decreases in
the dynamic modulus going from lower to higher temperatures. However,
31in a later investigation they demonstrated that thorough drying of 
polyhexamethylene adipamide at elevated temperatures under vacuum caused 
the^ peak in the -23^ 0 region to disappear, implying that the water 
contents of some of the 8em%)les previously studied were ill-defined.
22.
29However, their recent investigations were carried out on five 
polyamides at resonant frequencies ranging from 100-2000 ops at 
temperatures in the -173*^ 0 to 177^0 region. Speciments of polyhexame­
thylene adipamide containing 0, 0.$, 3-3 and 6,4 wt^ water were also studied 
ïxnd they found with increasing water content, the-T* loss peak and assoc­
iated modulus dispersion at -103°C in dry material decreased, thec< loss 
peak and modulus dispersion at 97°8 in dry material shifted to lower 
temperatures reaching a value of 7^ 8 for 6.4/ water, a third damping 
peak ^  appeared at -33^ to -28^0 and the modulus in the -123  ^to -23^ 0 
region increased while above and below this the reverse was true, A 
polyhexamethylene adipamide specimen containing 10.5 methanol exhibited 
only one broad peak at about -18^ to -13^0.
The molecular interpretation given to these results is as followss
The princip&& mechanical loss peak and associated modulus change 
in the 27° to 97^C region for polyamides has been attributed to segmental 
motions in the amorphous regions as a consequence of the breaking up of 
hydrogen bonds (or polar forces of attraction) between chains. It is 
believed that their results for the series of polyhexamethylene adipamide 
speciments containing various amounts of water is in agreement v;ith this 
interpretation. This view is also further supported from their
investigations that replacing the protons on the amide groups with 
relatively non-polar substituents, such as methyl groups from methanol,
23-
disrupts and or decreases the interchain bonding and thus lowers the 
transition temperature. The damping peak in the -33^2 region for
e polyhexamethylene adipamide specimen containing water has been at­
tributed to segmental motions in the amorphous regions involving the 
co-operation of methylene groups and non-hydrogen bonded amide links.
The domplete disappearance of theppeak in the heat treated dry 
specimen has been attributed to an increase in ordering and hydrogen 
bridging in the amorphous region.
The Y peak and modulus dispersion in the -108^ to -103^0 region
has been explained as due to segmental motion in the amorphous regions
of a small number of methylene groups between amide groups. In the
{K^
specimens containing water the decrease injf peak is thought to be due 
to interference of che water molecules with the moving hydrocarbon 
segments. It is also interesting to learn from their results that 
increase in \mtor content in poly hexamethylene adipamide appears to 
increase the rigidity of the polymer chains in the -123° to -23 C^ range, 
32Kawaguchi has measured the dynamic mechanical properties of 
k
polyethylene terepjthalate as a funtion of temperature at -70° to +150°G 
at 100-200 cps, - using a cantilever vibration method. He observed two 
transition regions, one around 90° to 120°C and the other around «^ 40°C, 
With increasing degree of crystallinity and orientation the transition 
peak at 90°C shifted to a higher temperature, where as the transition
24.
peak at -40°C showed a tendency to shift toward lower temperature.
Also with increasing degree of crystallinity the temperature dependency
of elastic modulus at room temperature and the value of the loss maxima
at -40°C decreased. With changes in water content of the material
the height of the low temperature peak increased, but the temperature
V
at wdiich the maximum occur/ed remained unchanged.
53Kline and Sauer using rod like speciments of polyethlene terep/r- 
thalate (PET, density 1.586 g/cm , crystallinity 52^0 studied the 
effect of radiation and moisture on dynamic mechanical properties in 
the range of temperature ^195° to 257°8 and frequency range from 100 
to 1500 cycles/sec. For un-irradiated PET as received three principe# 
dispersion regions hsvo been reported; a low temperature damping peak 
near -35°G, a loss peak near 107°G and above 207°C the damping again 
W8,8 found to rise as the region of crystalline melting was approached.
A corresponding drop and or inflection was noted in elastic modulus 
for each of these temperature regions. hken the water content of the 
specimen as received (0.5/) was reduced they observed an increase 
(slightly) in height of the l o w  temperature damping and possibly a 
shift to a slightly higher temperature of the peak. The main peak 
near 107°C, however, changed little if any in size. The final
transition in the temperature region of 177° to 207°C showed a slight 
shift in both damping end modulus data to still higher temperature, 
probably as a consequence of increased crystallinity.
25.
VThen the water content of the sample was increased to more than
0,8^ beyond the dried water content value, the low temperature peak
( -25°C) increased some what in value from that of the unconditioned
sample. They also observed that the primary damping pealc shifted
noticeably to a lower temperature with added water and the area under
the peak also decreased. The inflection point in the modulus curve,
iki-
v/hich appeared at a higher temperature for/dried sample, as compared 
with the unconditioned sample now appeared at a lower temperature con­
sistant with the shift in the damping peak,
34 35Comparing their findings with those of Ward and Thompson they
conclude that the damping peak near 107°C is associated with the motion
of large number of segments in the amorphous regions, probably involving
at least the phenylene carboxyl bond in a d d i t i o n  to the glycol residue.
■jf g
Since Reddish has also noted in his dielectric measurements that this 
X>©ak shifts to lower temperatures with added water content it is thought 
to be analogue to the shift in the glass-rubber transition peak of nylon 
66 with added water and or other small molecules. In nylon 66 however, 
the temperature shift is greater and this probably is thought to be due 
to greater amount of water that nylon absorbs under similar conditions.
37Dutch, Hoff and Reddish have made a comprehensive study of the 
dynamic mechanical and dielectric properties of acrylic polymers (poly 
methyl metha-acrylate, poly methyl -a-ohloroacrylate) and find these 
tv7o properties to be intrinsically correlated.
26.
They have proposed the hypothesis that each of several mechanical and I 
dielectric dispersion regions foLind in a given polymer is associated 
with a definable structural feature, i.e. a group of atoms in the 
polymer, such that each group gives rise to a mechanical dispersion 
and, if polar, also to a dielectric dispersion in the same temperature 
and frequency range; it should also be possible to trace the same 
dispersion from one polymer to another, provided they all contain the 
same group.
? 58Hoff, Robinson and Wilbourn carried out further investigations
on dynamic mechanical properties of a scries of polyraethacrylics and
c
pOlychloroacryl‘J/s over a wide temperature range at about 200 cps using (%-
cantilver vibration method. The main softening region is shown to
be influenced by the presence of polar atoms in both the main and side
chains and by spatial size and flexibility of the side chains.
y
The secondary dispersion occurpng just below the main softening region 
is shovm to be associated with rearrangements of the polar -00.0*- 
groups in the side chains. Some nev/<<Lov/ temperature transitions
reported, one of which at -50°G is characteristic only of poly-cyclohexyl
methacrylate and polycyclo-hexyl-chloroacrylate and they attribute it 
to intramolecular flexibility within the cyclo-hexyl ring.
Another process is reported to occur at about -150°0 for those polymers 
whose side chain alkyl components possess sufficient flexibility to 
enable them t(. take up more than one spatial configuration. Such
27.
flexibility is shown to bo characteristic of the n-jjropyl,n-butyl, 
sec-butyl esters in both series and of the /3-chioroethyl, neopentyl 
carbinyl, an.d stearly esters in the poly methacrylic series.
59Sauer et al subjected rod loke specimens of crystalline and 
amorphous polypropylene to transverse vibrations and measured the 
dynamic mechanical properties from -100°C to near melting point. Three 
dispersions were observed - a high temperature transition associated 
with large scale motion of polynier chains, - a room temperature transi­
tion associated with primary glass transition of the amorphous phase 
of the polymer, and a low temperature transition attributed to the 
onset of small scale chain motion in the amorphous regions. The low
temperature transition occurred at about in amorphous polypropylene
compared with -110°C in polyethylene. This difference is attributed 
to the hinderancc of main chain rotation caused by the presence of a 
methyl group on alternate carbon atom in polypropylene.
Meredith and Hsu^^ have studied dynamic bending properties over 
a range of temperature from -70°G to +170°C of single textile filaments 
of nylon 66, Terylene, Orion and viscose rayon in dry state under vacuum 
using an electrostatic method. They observed maximum loss modulus at 
+115°C for nylon 66, at -60°C +155°2 for Terylene, at and
110°C for Orion and -20°C and 90°C for viscose rayon. Applying the rate 
process theory to these transition regions they have calculated the
28.
activation energies. They conclude that the value of activation
A*.
energies they have obtained support their interpretation that^low
At­
temper a tur G transition is associated with segmental motion and/high
temperature transition involves breaking of secondary bonds, e.g.
hydrogen bonds in nylon 66,
2. Dynamic Tensile and Torsional properties,
Meyer and Lotmar^^ subjected some natur’al fibres to forced 
longitudanal vibrations by an ac^oustio method. At high frequencies 
they report that the dynamic young’s modulus of linen, ramie and 
hemp increased slightly with increasing static tension,
4-2Tipton measured the dynamic moduli of several yarns and mono - 
filaments under standard laboratory conditions and various static and 
dynamic strains. He reports that the modulus generally increased 
with static strain and decreased with dynamic strain. The increase 
of dynamic modulus with increasing static strain in monofilaments, is 
attributed to increased molecular orientation. At very small static 
strains, Tipton observed small initial drops in modulus and attributed 
these to increase in moisture regain which occur on straining a yarn. 
Highly twisted yarns, however, did not exhibit a drop in modulus, but an 
increase and this was attributed to lateral compression of fibres and 
a resultant lowering of regain. Tho decrease in modulus with 
increasing dynamic strain is thought to be due to the fact that the
29.
forces of contact between adjacent fibres in a yarn increase and tend 
to cause movement and slippage amongst a greater number of fibres.
Palandri^^ using forced longitudinal vibration, found that the 
dynamic young's modulus of yarns made from long fibres, was independent 
of dynamic strain amplitude and of frequency above 100 ops in the range 
20 to 200 cps. In yarns made from short fibres the dynamic Young's 
modulus was found to decrease with increasing dynamic strain amplitude.
The dynamic elastic moduli of cellulose fibres and rayons were 
measured as a function of extension by de Vries^^ at 65^  RH and 20°C, 
the modulus remained fairly constant up to a certain critical extension 
and this varied as to whether viscose, acetate or rayon was under exami­
nation. Beyond the critical extension the modulus increased for all 
materials but the rate of increase depended again on the material under 
test. He found that the decrease in compliance ( i/modulus) was
proportional to the increase in the natural strain. His results 
suggested a correlation between the dynamic modulus and the chain molecule
4.5
orientation. de Vries further established a relationship between
dynamic elastic modulus and Hrefrihgenoe of viscosej acetate and cup- 
rammonium rayons. He reports that beyond a certain yield value of extensi 
the modulus was equivalent to the birefringence as a measure of the 
orientation of the filament.
Hamburger"^^ found that for viscose rayon, cellulose acetate and nylon
50.
yarns, the dynamic Young's modulus increased with static strain only 
beyond the yield point,
47Pujino et al measured the viscoelastic properties of viscose,
acetate and cuprammonium rayons, silk and nylons under a static tension
of 0.4 gm per denier and dynamic strain amplitude of less than 1^  ^using
several longitudinal vibration methods to cover a frequency range of
several decades. In general they found that the storage modulus was
-1 5constant over the frequency range 2 z 10 up to 2 x 10 cps and 
increased slightly in the supersonic range. The loss modulus,however, 
increased at both ends of the frequency range. They concluded that 
for textile fibres the anomalous dispersion is not as great as that of 
various rubber like materials in the same frequency range.
Kawai and Tokita"^  ^measured the dynamic Young's modulus of silk at
8°C and 71 ^ r.h, over a frequency range of 2 to I4 x 10^ cps and found
10 2the modulus of 9*8 x 10 dyn/cm remained constant.
49Dunell and Dillon measured the dynamic modulus and energy losses 
of single fibres of viscose and acetate rayons, silk, feather keratin 
and nylon using a forced longitudinal method. They found that storage
and loss moduli were independent of-frequency in the range 1 to 100 ops 
and the measured values of energy dissipated per cycle were proportional to 
the square of the dynamic amplitude in accordance with theoretical pre­
diction.
51.
50Lyons noted that for cotton and viscose rayon cords, the loss 
modulus was not independent of large dynamic strain amplitude.
Between 65 to 36O cps at a dynamic strain amplitude of 0.5^. the 
dynamic modulus was independent of frequency. The dynamic Young's
modulus was, however, found to decrease with increasing dynamic strain 
amplitude.
51Chaikin and Chamberlain found that the dynamic elastic modulus 
at 100 Kops was four times as great for viscose rayon and Tenasco and
about two and a half times as great for wool, human hair and nylon,as
the static modulus. Higher values at higher rates of strain were 
atrributed to the fact that weak secondary bonds had no time to break 
and the stress was transferred directly to the main chain, while at 
lower rates of strain the mechanism of deformation is the unfolding of 
molecular chain in the non-crystalline regions, which involves the 
rotation of segments of the chains around single bonds having barriers of 
low energy of activât'on at slow rates of deformations the secondary bonds 
broke under applied stress. They also observed that by raising the
r.h. from 25 to 65/) at room temperature there was a significant decrease
in Young's modulus of viscose rayon and human hair, while in nylon the
decrease was smaller.
52
Asmussen and Andersen using longitudinal vibrations on cellulosic 
fibres found that the dynamic Young's modulus was higher than the static 
modulus. Prom their investigations they report that humidity has a
52.
lesser effect on the dynamic than on the static modulus.
53Andersen observed that the dynamic Young's modulus of viscose rayon 
and cotton in the frequency range of 25 to 40 cps was much less affected 
by changing relative humidity that the static modulus. By increasing 
the static strain the modulus of cotton was affected by humidity, while 
rayon wa.8 unaffected. Increasing temperature caused a fall of both 
the static and dynamic moduli of rayon. For cotton however, only
the static modulus was found to increase,
54-Ballou and Silverman used a sound velocity method for determining 
the tensile moduli of viscose and acetate rayon,nylon and other yams at 
frequencies of 10 Kcps, They report for viscose rayon a decrease in
modulus with increasing humidity and temperature. Finishes in general 
had little effect. However, boiling in soap solution tended to lower 
the modulus.
55Dunell and Price^^ report that the curves of dynamic Young's modulus 
and loss factor against temperature for viscose rayon are nearly similar 
in shape to those for|high polymers. Percentage increase in modulus 
and changes in energy loss factor for viscose rayon were much smaller. 
lAc. Sfemamic Young's modulus increased by as the temperature was lowered 
from 0 to -80°C, and a well defined energy loss maximum,was observed at 
-40^0. This was ascribed to the rotation of OH^OE side chains which did 
not involve breaking of hydrogen bonds.
55.
56Tokita"^  reports a mechanical dispersion peak in dry viscose
rayon at 80°G. At 65^  RH, however, the dispersion was found to occur
at 65°C and the energy of activation for the segmental motion in the
amorphous parts was found to he about I90 Kcal/mole. The water molecules 
jfj'
absorbed in| fibrous structure are supposed to be playing the role of a 
plasticizer. He observed no loss maxima for viscose rayon in the 
frequency range 0.047 ops to 100 Kops. He also reports that the 
mechanical behaviour of viscose rayon is not affected much by the 
degree of crystallinity (78«75?^ ).
57Russel and van Kerpel used a torsion pendulum technique to 
determine the dynamic rigidity modulus and damping of cellulose acetate 
and cellulose triacetate. Damping peak and associated modulus changes
were observed at 175°C and -48°0 for triacetate and 195°0 and -55^0 for 
secondary acetate.
iK^
Tne effect of acetyl content on/high temperature transition was 
58studied by Hakamura and his results were in agreement with the findings 
of Russel and van Kerpel that the transition temperature decreased with 
increasing acetyl content. At audio frequencies Hakamura also found
a mechanical loss peak at 60°G for cellulose triacetate and he considered 
this peak to correspond with the 50°G transition reported in the dilate- 
metric measurements. However, he observed no peak in the secondary 
acetate curve which could be correlated with the 55°8 transition observed 
in the dilatometric methods.
54,
59Tckita and Kanamura studied the effect of cross-linking on the 
dynamic properties of viscose rayon and cellulose acetate at 66^ r.h.
They report that v/hen the cross-linking agents are long chain molecules, 
the intermwlecular spaces in cellulose are widened and the dipole inter­
action of the strong polar hydroxyl groups between molecules are partly 
relieved and a small amount of cross-linking agent is sufficient to 
cause a decrease in the dynamic Young's modulus, loss tangent and 
apparent mergy of activation for the dispersion region.
Using a torsional pendulum, Mackay and Downes^^ made measure­
ments on the dynamic modulus of rigidity of wool fibres during the process 
of sorbing and desorbing, water (from the vapour phase).
They report that when a large increase is made in the relative humidity 
surrounding a wool fibre, its dynamic torsional rigidity goes through 
a minimum value considerably less than the final equilibrium value.
This is true for all except very gradual increase# in humidity. The 
temporary reduction in rigidity modulus is attributed to the transient 
stresses produced as a result of differential swelling during the pene­
tration of the water "front" into the fibre and these stresses are believed 
to cause temporary rupture of bonds which contribute to the rigidity.
61Ree et al working in the frequency range 1.75 to 51,5 ops 
observed that the internal friction of Saran was dependent on frequency. 
Thev also observed a maximum in the value of internal friction around 
14*8°C. The dynamic and static moduli of Saran wa#2found to increase 
sharply below 17°C.
55.
and co-workers measured the dynamic modulus of Orion yarn at 
different rates of strain varying from l/ to 500,000ÿo per minute. In 
the loY/ range of frequency they observed an increase in the dynamic 
modulus and the modulus was constant above 10 Kcps.
65Eyring et al subjected polyamide filaments to forced vibration 
over a frequency range of 0,06 to 6 ops and a temperature range of 
0 to 65°C. The energy loss was found to be independent of frequency 
but It decreased exponentially with increasing temperature at constant 
frequency.
The effect of orientation on the dynamic Young's and shear moduli
27at 66^ r.h. was investigated by Adams . The dynamic modulus was 
observed to vary linearly with draw ratio above 1.4* The shear
modulus decreased with draw ratio below 40^  r.h, while at relative humid­
ities above 4C/ an increase in shear modulus was observed.
56Tokita in his investigations on nylon 6 under standard laboratory 
conditions found that in general, an increase in frequency increased the 
dynamic Young's modulus, and it tended to approach a limiting value above 
100 Kcps. Samples of different crystallinity approached nearly the
same value of 2.2 .10^^ dynes/rm"^ , indicating that the dynamic modulus 
at frequencies higher than 100 Kcps was independent of the degree of 
crystallinity. However, in the frequency range o,l cps to 100 Kcps
'fktincrease in the dynamic modulus with drawing was considerable, and this
56.
was attributed to the orientation of crystallites. Further, it was 
fo’Ænd that increase of degree of crystallinity and drawing results in 
shifting the dispersion region, as a whole, to longer time regions, and 
the shapes of the spectra of relaxation times were almost independent of 
the degree of crystallinity, while the heights of the peaks reduce with 
the degree of mechanical drawing. These facts are attributed to the 
steric hinderance against the segmental motion.
Ogawa et al^^ have studied the effect of heat treatment or. the 
dynamic mechanical properties of Amilan (a Nylon 6 type polyamide fibre). 
They found heat conditioning for 1 hour at temperatures between 00° and 
l£0°C increases the dynamic Young's modulus and the internal friction 
decreases wmth increasihg temperature of heat treatment.
This was attributed to the increasing degree of crystallinity. For heat 
treatment above 160°C the reverse was found to be true, and below 80°C 
the dynamic mechanical properties were unaffected.
65Dole et al ' report that the glass transition temperature of nylon 
66 and nylon 6 changed from 47°0 for the amorphous polymer to above 75°0 
for the drawn fibre.
Fujino et al^^ examined the viscoelastic properties of several 
high polymers using longitudinal vibrations. They report that in­
creasing the draw ratio increased the dynanic tensile Young’s modulus.
This effect is attributed to lateral bonding between chains in the amorphous
57,
regions and not to the development of crystallisation,
Kawaguchi^measured dynamic parameters of nylon and Terylene 
filaments and compared the results with the predicted theory. The 
degree of orientation rather than crystallisation v/as thought to be ike, 
prinoip&& factor affecting the mechanical properties. It was proposed 
that the Young’s modulus would increase to a maximum value of 5 times 
that of the isotropic body as the draw ratio was increased. On the 
other hand, the torsional modulus would decrease with increasing draw 
ratio, the completely oriented amorphous polymer exhibiting zero 
torsional modulus.
55Thompson and Woods have measured the dynamic tensile moduli
k
and mechanical loss factors of polyethylene terep/thalate filaments in 
different states of orientation and crystallinity between -80°G and 
180°C and from 10  ^cps to 10^ ops. They have shown that at 1 cps 
the main transition temperature peak shifts from 80° to 125°G, with 
increasing crystallinity, its apparent activation energy meanwhile falls 
from 182 Kcal/mole to 97 Kcal/mole, However, a second transition at 
about -40°G with an apparent activation energy c'f 17 Kcal/mole is less 
affected by crystallinity. At that time of publication, they gave 
three possible interpretations for these transitionsî
58,
/ j \   LI.. ... ..._______________________w,„.„4-^ T)__Since the dielectric experiments of Reddish suggested 
that the dipole observed in the low-temperatur-e transition was that 
of a terminal-OH group, it might be inferred that the corresponding 
mechanical process was due to the mobility of chain end-groups, the 
upper transition being due to mobility in the main chain,
(ii) The upper transition in polyethylene terep/thalate may be 
due to rotations in the stiff aromatic part of the chain, while the 
lower transition may be due to rotations in the less rigid alipnatic 
part. This need not be inconsistent with the dielectric data, for 
this second mode of movement might only be discernible electrically 
wnere the Oil groups act as pointers. The prinoipâL^ arguments in 
favour of bhis interpretation are firstly, it seems unlikely that the 
end-group mobilicy could produce a mechanical less process comparable
in magnitude with the main upper transition, while it seems more reason­
able to suppose that a secondary force of main chain flexibility could 
do so, and secondly, that if rotations in the stiff p-phenylene group
provide high temperature transition, rotation in the more mobile ethylene
57group should, following the ideas of Deutsch, Hoff and Reddish give 
another transition some where lower down the temperature scale,
(iii) The p-phenylene link may be rigid, so that all rotations 
occur in the alipahatic part of the chain. Then the lower transition 
might indicate the onset of partial rotation, and the upper transition 
the onset of fuller rotation. In this scheme each transition is
59.
still related to a mode of flexibility, but the modes are distinguished 
by different extents of freedom in the same bonds, rather than by the 
on set of rotations in different bonds.
5 4 -Ward studied the molecular structure and the mechanical proper­
ties of a series of polyethylene terephthalate polymers using dynamic 
mechanical technique, nuclear magnetic resonance spectra, infra-red 
spectra and x-ray diffraction. For these polymers three transitions,
oe, ^  and p" were observed; corresponding to the melting point, ^
la clear 1;/ the glass transition. Considerstioh of his dynamic loss 
results alone were thought to suggest that the ~f transitions^ (low 
temperature) is connected with motions in the aliphatic part of the chain 
and the ^ transition is connected in some way with the phenylene carboxyl 
bond.
From hl£l results, however, he shows that theTtransition is restricted 
to very small inter molecular motions, whereas the transition is 
associated witli considerable motions of the molecules in the amorphous 
regions.
From infra-red data ho has suggested that an additional preferred 
configuration of the 0 - GH^ - - 2 group exists in the amorphous
regions of the polyethylene terephthalate. Since crystallisation 
sets in above the (b transition he thinks it may be reasonable to imply 
that this transition is associated with at least this configurational 
change.
40.
Also from a detailed x-:^ ay and optical examination of single 
crystals of cyclic trf^ (ethylene terephthalate) he suggests that in 
the cyclic trimer molecules the carboxyl groups are placed in the cis 
positions with respect to the benzene rings. Thus, configurational 
changes may also involve the phenylene carboxyl bond.
Taking into account all those data, Ward concludes that the T 
transition involves some very restricted rotation of the glycol residue 
and the ^ transition a considerable rotation of this residue, also 
involving paraphenylene linkages in the amorphous material,
Hohara^^ also has studied dynamic mechanical properties and 
nuclear magnetic resonance spectrtBm of Terylene, nylon and other plastics.
In the temperature range -70 C to +200 C he observed that the p-phenylene 
group in Terylene was undergoing hindered rotations at about 110°C whereas 
the two methylene groups still rotated at lower temperatures.
69Price et al have investigated the dynamic mechanical properties 
of nylon, polyethylene and viscose and acetate rayons over a frequency 
range of 5 to 50 ops by forced longitudinal vibration method. They 
report that the dynamic modulus increases with decreasing the humidity 
from S&fo to 2&/o r.h. They report that tne dissipation energy per 
cycle, decreased with decreasing relative humidity.
70Quistwater and Bunnell measured the dynamic modulus and energy 
loss for nylon 66 at 55^0 over a wide range of humidity by forced longitudinf 
vibration method.
41,
The frequency ranine covered was about 3 to 30 cps. They observed dis­
persion of mechanical properties with changing humidity, the maximum in
-r ^
the loss factor, tan b , occuijfing at about "JOfo R»H. /A-^ -Small variation of
energy dissipation with change in frequency observed was such as to suggest
that the dispersion region extends over a wide frequency range and that
at low humidity an energy loss maximum could be expected at a frequency
below one cycle per second. They propose that increase in the amount
of water absorbed by nylon with increasing relative humidity leads to
plasticization of the fibre and consequent increase in freedom of motion
of chain segments in the amorphous region of the fibre. From the data 
71 72of Bull' and Forward et al they have calculated moisture regain 
values (moles of water absorbed per base mole of nylon ( (CH^)^
COMl hll - ) and find the maximum energy loss to occur at about
0.5 mole of water per base mole of nylon. Hylon 66 chains which are 
most favourably oriented in crystalline array can form two hydrogen 
bonds per base mole of nylon with neighbouring chains. In the amorphous 
regivn, there will be appreciably fewer than two hydrogen bonds per base 
mole and Quistwater and Bunnell argue that the 0.5 mole of water absorbed 
at maximum energy loss should be more than sufficient to break existrng 
hydrogen bonds in the amorphous regions. They however, feel that new 
hydrogen bonds could form atr points where water has not been absorbed, 
and significant increase in the freedom of motion of chains in the 
amorphous area may come only after a substantial fraction of the carboxyl 
and amino groups are associated with absorbed water molecule.
42,
Since water is knoTO 'co attack only the amorphous regions, it can he 
reasonably supposed that in the amorphous regions something nearer one than 
one-half mole of water per mole of nylon is absorbed at maximum energy 
loss. Therefore, following Schmieder and Wolf*^  ^and Tokita^® they
postulate that the observed energy dissipation in nylon is associated with 
the motion of molecular segments in the amorphous region. As this 
motion becomes freer because of the decrease in the possibility of 
hydrogen bonding between chains in the amorphous region with increase 
in water absorption, the amount of energy dissipated increased with 
increasing extent of internal movement. Simultaneously, however,the 
force required to produce internal movement decreases with decreasing 
chain interaction and sets a maximum on energy dissipation by this 
particular mechanism. If the chain interactions are sufficiently 
weakened, the energy loss decreased below this maximum. The decrease in 
modulus they observed accompanying the above process is consistent with 
the idea of chain interaction becoming weaker with absorbed water.
The same authors^^ extended their work by measuring the same pro­
perties at 9^0 and 60^C over the same humidity and frequency range 
(lO ^ to 10^ cps). The dynamic tensile modulus at 9°C was independent 
of frequency at relative humidities lower than Gofo but increased with 
increasing frequency at higher humidities. The tensile modulus was 
similarly affected by frequency : at 60^C. At this temperature a 
well defined maximum in the energy loss was observed, similar to that
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obtained previously ao 33^G but at a some-what lower mois cure content. 
This effect, however, is expected since increase in temperature with 
moisture content would facilitate segmental motion to a greater extent 
than would increase in moisture content alone. A maximum in the energy 
loss (not well defined) was also observed at 9^0 and lOC^ r.h.
75Yoshino and Takayanagi constructed a mechanical tan 6 meter of 
direct reading type and measured the dynamic mechanical properties of 
oriented crystalline polyethylene teraphthalate, isotactic polypropylene 
and poly-acrylonitrile fibres over a range of temperature at 100 cps.
They observed tan 6 peaks at -33^C and 4 IfO^C for polyethylene tere- 
phthalate, and 103^0 for poly acrylonitrile fibres. For poly-propylene 
however, a rise in tan ô was observed at 20^0 and at about lfO°C. f :
Recently Crissman et ^1^^ made measurements on dynamic mechanical 
properties of various polymers in the -267^ to 27^ 0 temperature range 
at resonant frequencies of about lO'^  cps by using longitudinal vibration 
apparatus. The polymers they studied include polyethylene, nylon 66,
three polymethacrylate esters, and five poly-ot-olefins and related 
polymers. From their observation they conclude that polymethyl-meth
acrylate and polyethyl-methacrylate indicate low temperature relaxation 
processes(-267^C and -221^0 respectively) involving configurational re­
arrangements in the hydrocarbon portion of the ester side group. Their 
data provide no evidence for mechanical loss processes associated with
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hindered rotation of uhe main chain methyl groups in the poly-methacryibate 
esters or polypropylene. Very weak relaxation processes or loss plateaus 
are reported to have been observed in the-250*^Cregion for polypropylene, 
polyvinyl chlorine, poly (d, 1- propylene oxide), poly isobutyl methacrylate 
and possibly nylon 66, while for poly-4-methylpentane-l a sizeable peak is 
reported at -248^0. However, they conclude that the mechanisms
responsible for these loss peaks are not yet understood. Ho relaxation 
phenomenon was observed below -196^0 for either polyethylene or poly- 
butene-1. For poly (d, 1-propylene oxide) a loss maxima at -196^0
to -153^0 is reported, which is associated with probable chain motions 
accompanying the methyl reorientation process,
77AtsuoKonda et al h a v e  recently measured dynamic viscoelastic 
properties of dravm and heat treated samples of polyethylene terephthalate 
fibres.
From their observations they conclude that:
(1) The peak temperature of tan 6 does not always increase with 
increasing crystallinity (different from the results of Thomson and 
Woods^^).
(2) The peak value of loss tangent decreases with increasing 
crystallinity but, when the crystallinity is larger than about thirty 
percent, the peak-value depends more on the method and temperature of 
heat treatment.
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(3) The lower the temperature of heat treatment the smaller is 
the size of the crystallites and as a result molecular chains in amorphous 
parts owing to restriction hy many small crystallities are strained more, 
and the effect of straining becomes much more pronounced than the cry­
stallinity itself, especially, when the crystallinity is large.
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EXPERIMENTAL
1. The Effect of Temperature on Dynamic Bending Properties of Dry
Fibres in Vacuo,
(i) Introduction.
A fibre in the form of a cantilever can be forced laterally into 
resonance by several methods, e.g. electro-mechanical, electrostatic, 
acoustic etc. In the present investigations on the dynamic bending 
properties of dry fibres, in vacuo, over a temperature range of -70°C 
to 180^C, an electrostatic method similar to the one used by Meredith 
and N8u^^ and Kubie^^ was adopted. The experiments were carried out
in vacuo to avoid the necessity for corrections due to air damping.
The basic principle of this method consists of a clamped fibre in 
an electrostatic field between two electrodes, brought to resonance by 
super imposing on the electrodes an alternating field of the right 
frequency supplied from a variable frequency oscillator. The success 
of this method depends on the fibre acquiring full charge from the 
electrostatic field.
To determine the dynamic bending/; modulus and the loss tangent, it 
is necessary to know the resonance frequency, the band width and also 
the length, shape factor and mass of specimen.
(ii) Description of Apparatus and Instruments
From the circuit diagram in Fig.4 it will be seen, that the fibre
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placed between, the two electrodes is raised to a negative potential by 
a high tension DC source, and is subjected to an alternating voltage 
applied to the electrodes from the Muirhead decade oscillator through 
a step up transformer.
The applied DC voltage is not very critical but higher voltages are 
undesirable in vacuo, as they would tend to produce sparks across the 
electrodes. In the present experiments 120 volts DC was found suitable 
for all fibres. The AC voltage however,depends on the fibre dimensions. 
In general a fully charged fibre requires 5 to 50 volts to give a reason- 
able amplitude of vibration. An electrode spacing of 5 to 4 mm was 
found satisfactory for all fibres.
In the dry state at room temperature, synthetic fibres owing to high 
electrical resistance are difficult to charge. However, if heated to
about lOO^G they pick up charge easily and thereafter retain the charge 
well at all temperatures.
Under given experimental conditions the resonance frequency increases 
with decrease in specimen length. Although, in theory, the upper limit 
of frequency is determined by the natural frequency of the support 
carrying the fibre, in practice it is not possible to attain this limit. 
Befone this limit is reached the fibre will have become too short for 
accur.ate measurements. The lower limit, however, is set by the 
amplitude of vibration which decreases with increase in fibre length.
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In the present experiments the frequency range was confined to 50 
to 600 cps.
Since the dynamic bending properties of fibres are measured in dry 
condition under vacuum, an air tight system carrying the fibre mounting 
head and an arrangement to create vacuum in the system are necessary.
As dlndioated in Pig. 5 the mounting head is a B. I9 ground glass 
cone carrying the two electrodes, a central rod with a fibre mounting 
clip at the end and the two wires of the thermocouple. These are 
fitted through appropriate holes made in the cone and are sealed off 
with epoxy resin and get at 186^0. The electrodes are made of brass 
foil (2 X 5 mm in area) and are placed 5 to 4 mm apart. The rods 
that carry the electrodes are enamelled 18 swg copper v/ires.
The central rod however, was made of fine quartz tube v/hich carries 
a fibre mounting clip at one end. The other end of the quartz tube 
fits into the 18 swg copper wire just protruding from the B 19 cone 
serving as a connecting lead to the battery. The fibre mounbing 
clip is connected to this lead by means of a very fine copper wire wound 
round the quartz tube. This precaution was taken in order that con­
duction loss through the central rod is negligible. A 56 svfg copper 
constantan thermocouple wire, of sufficient length (to minimize conduction 
losses), was coiled round the quartz tube and its junction was placed
as close to the fibre as possible to register the temperature of the 
fibres.
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The temperature sensing junction of the thermo couple v/as wrapped with 
a fine polypropylene monofil in order to ensure that the fibre and the 
thermocouple junction absorb nearly the sajne amount of heat radiation 
in vacuo.
It was necessary to place the fibre well in the middle of the heating 
or cooling tube about 8" long. In earlier experiments however, a
failare to observe this precaution resulted in apparent under estimation 
of the temperature recording. This was later found to be duo to high
conduction losses through the wires of the thermocouple and also 
probably through the fibre holder.
The thermocouple used in the experiments was independently calibrated
against steam (100^0) and against sublimation point of solid carbon, dioxide
(-78.5^C). One jimctioh of the thermocouple was maintained at O^C
using ice.The emf generated by the thermocouple was read on the Pye
scalelamp galvanometer (No ,7901/5). Later the temperature calibration
curve for the temperature range of -80^C to 200^0 was worked out by
79extrapolation using standard tables .
The refrigerating unit w-as a Towns en and Mercer minus seventy 
thermostat bath. Using solid carbon dioxide as the cooling agent and
petrolGum ether (B.P, 80° to lOO^C) as the heat transfer medium the 
temperature was thermostatically controlled from 20°C to -70°#.
The cooling tube (Pig.6) has a B. 19 ground glass socket at the top
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to take the mounting head. The side vertical arm in the tuhe connects
the system to a vacuum pump. The fibre was left inside the tube over
PpO^ 'uider vacuum for a sufficiently long time (24 hours) to ensure dry 
conditions before immersing the tube in the bath and loivering the 
temperatureu The temperature of the fibre registered by the thermo­
couple inside the tube was read from the galvanometer. The refrigerator 
has a double window through which the vibrating fibre was viewed using 
a lowepower microscope. Stroboscopic illumination from a Philips 
Stroboscope, PR 9105/0^ was used to define the limits of vibration
t
more clearly. Driving a st^am of room air at the window ensures
clear viewing of the fibre, by avoiding condensation of moisture on the 
window at low temperatures,
Por measurements above room temperature a vertical glass tube shown 
in Pig. 7 was used. The glass tube was first covered with a layer of 
aluminium foil and asbestos paper and then wound uniformly with nichrome 
resistance wire. It was further heet insulated by^successive layers of 
asbestos string.
The heating tube was also fitted with a B0I9 ground glass socket at 
the top to take the mounting head and a small side arm near the bottom 
to connect it to a vacuum pump. A small flask with P^O^ was fitted to
the ground glass joint at the bottom end of the tube to ensure dry 
conditions inside the tube. The aluminium foil v/as earthed to prevent 
accumulation of static charges on the heating tube.
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Two opposite windows at the appropriate place on the tube were left 
uncovered to enable viewing the fibre through the microscope and as 
before the fibre was stroboscopically illuminated.
Heat was provided to the tube by supplying the coils with the out 
put of a full wave rectifier. The temperature of heating was con­
trolled by means of a continuously variable transformer (220 - 25O volts 
ac) that fed the rectifier circuit. The use of the rectifier v/as
to eliminate the possible interference of the heating current with the 
alternating voltage used for exciting the fibre.
(iii) Experimental procedure
All fibres used in this investigation unless otherwise mentioned 
were conditioned in the heating tube over in vacuo, for 10 minutes,
at 180°C - 190^0 under a small load of 2 mg/denier.
The fibre, after heat conditioning, was cooled under load (2 mg/ 
denier) to room temperature. The mounting head was then gently removed 
from the heating tube by releasing the vaouuii and the fibre was cut 
between the electrodes to the required length with a pair of fine scissors. 
The mounting head was placed back in the heating tube and the vacuum was 
again restored. By heating tlie fibre again to the required temperature 
(5  ^to lO^C below the heat conditioning temperature), the measurements 
of resonance frequency and band width were made at 5^ to 10°C interval 
as the temperature was steadily lowered to room temperature.
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In this way the specimen was cooled to room temperature through the 
transition region in about 2 to 2^ hours.
At room temperature the mounting head was transferred to the 
cooling tube and left under vacuum over for 10 to 12 hours to
ensure dry conditions. Measurements were then made in cold bath 
adopting the same procedure as above, while cooling the specimen steadily 
to the lowest temperature.
In these experiments vacuum was maintained to 0.015 mm of Hg by using 
a two stage Edward’s vacuum pump and measured using a Pirani guage.
(iv) Quantities measured aiid methods of measurement.
The quantities measured in these experiments were the resonance 
frequency, the band width, and the length and mass per unit length of 
the specimen.
The resonance frequency is the natural frequency of the fibre when 
the amplitude of vibration goes through e maximum and was read directly 
from b 89O-A Muirhead Wigan decade oscillator. The Muirhead oscillator 
is incorporated with a 2 kc crystal oscillator for calibration of the 
instrument to a very high degree of precision. The amplitude of 
vibration was measured with a micrometer eye piece reading 0.0425mm/ 
division in a low power microscope ( xlO magnification and 2” objective 
lens^),
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The hand width is the difference between the two frequencies that 
straddle the resonance frequency where the amplitude of vibration is 
1/f 2 or 70/ of the maximum. All measurements were made at the 
fundamental mode of vibration.
After the temperature experiments were over, the length of the fibre
was measured at 20°C in the cooling tube using a travelling microscope 
Içà
reading ^  10 microns.
To determine the weight of the fibre, it wàs cut off the holder using 
a razor blade andwàs weighed on a modified double cantilever balance at 
20°G and 65^  RH. The balance could weigh to 0.055 microgrammes. Since 
it w&s not alv:ays possible to cut the fibre flush to che holder, the 
residual length on the holderwÈs measured to calculate the actual length 
of the fibre that is weighed.
2. The Effect cf Static and Dynamic Strain, Temperature and/or Humidity 
on Dynamic Tensile properties of Fibres from Tyre Cords.
(i) Introduction.
In the dynamic bending experiments on fine fibres in air there is
tf 21
considerable damping of the lateral vibrations. Karrholra and Schroder
have shown that the band width at resonance is affected for fibres of
40diameter less than 500 li ' . Meredith and Hsu have worked out in 
detail the theoretical corrections for air damping. For fine fibres 
the magnitude of this correction is, however, large.
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In the dynamic tensile experiments, where sinusoidal forces are
applied 1ongitudanal1y to the fibre, air damping has no influence.
Therefore the study of the effect of temperature and humidity on the
dynamic mechanical properties of fibres from tyre cords were made on
a mechanical tan 6 meter of the direct recording type similar to that
75employed by Yoshino and Takayanagi .
The principle of their tan 6 meter is "To fix both ends of the 
sample to two strain gauges of unbonded type. One of the strain gauges 
is used to transform the sinusoidal displacement into an electrical 
quantity proportional to the displacement and the other is transducer of 
the generated force. The absolute values of these electrical vectors 
representing force and displacement are adjusted to unity (full scale of 
volt meter) and vector reduction is achieved by opposing the out-puts of 
the two strain gauges. By this operation the value of tan 6 can be
directly read off the voltmeter. Regulation of the magnitude of bhe 
difference^ vector is conveniently by controlling the DC input
of the strain gauges. The dynamic tensile modulus is calculated from
the ratio of the input voltages of the strain gauges v^. \Yhen out­
put voltages are regulated to unity the dyiiamic tensile modulus 
E ’ = K ' ^^ hero K is a constant relating to the dimensions of
samples and strain gauges".
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(ii) Deaoription of apparatus and instruments.
The arrangements in the tan & meter of the force and displacement 
sensing units T^ and respectively, are shovm. in Pig. 8 . Each unit
consists of four unbonded elements A, B, C and 1) of swg 50; Karma
resistance wires. The wires that are approximately 10 cm long are 
silver soldered to brass tabs made from l/2" length and l/l6” diameter 
brass tubing. The tabs are soft soldered to binding posts on Tuflon 
boards with elements A, B, and C mounted slack. The binding posts 
project from the Tuflon board to avoid chaffing of the elements against 
the board. Wires B are the force and displacement sensing elements
in the two units T^, and T^ respectively. The sensing elements D 
are mounted in their respective units with 24° sag which gives them a 
mechanical advantage of more than 2. The force or the displacement
to be measured is applied to the respective centres of the elements through 
thin glass rods of 1 mm diameter. The tuflon boards are housed 
compactly into two boxes made from Perspex to avoid any damage from
external source to the very delicate unbonded elements.
An opening is provided in the centre of the Tuflon board in the unit 
T. , fo accommodate the electromagnetic transducer (telephone mouthpiece)
E. The transducer E is mounted on two bolts F to an angled brass
metal which is fixed to the Tuflon board by means of screws. The bolts
F are provided with rubber washers to dainp the vibrations from the frane 
of the transducer.
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A glass rod G, 4 om long bent in the form of a coil in the centre for 
threading the element D is fixed vertically with Dnrofix to the centre 
of the diaphgram, and the top end of the glass rod bent in the form of 
a hook, is used for mounting the fibre. Required tension is applied 
to the element D by manipulating the bolts F that carry the transducer.
The tension on this element should be such that it remains taut when sinusoidal 
vibrations from the transducer are imposed on it.
The units T^ and T^ are also provided with metal flanges, K, at the 
sides for mounting them on two vertical rods. In Fig.8 they are seen 
mounted on two vertical rods, J, on a tripod H. The tripod is made 
of a 10” dia, metal plate and is fitted with a micrometer I, from beneath 
the plate through a hole in the centre. The micrometer reads to 0.001 
cms and the micrometer stud projects 2 cm above the metal plate. The 
strain gauge unit T^ that is free to slide in the vertical rods, J, 
rests on the micrometer stud, and a ball bearing is embedded beneath 
unit T^ to ensure point contact with the flat surfaeb of the stud.
The unit T^, however, can be secured firmly to the vertical rods,
J, at any required height by means of screws provided on the side flanges 
K. A glass rod, N , suspended from the centre of the force sensing
element, serves to mount the specimen between the units T^ and Tg.
Using the micrometer, unit T^ can be lowered with respect to unit T^ 
to subject the specimen to required static strain.
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The cirouit diagram for the strair gauge portion of the apparatus 
is indicated in Pig.9 The four elements A, B, C and D in each unit 
are connected in the form of a Wheatstone Bridge. Since it is difficult 
to solder elements of equal lengths, the bridges are brought to near 
balance by adding swg 56 Karma resistance wire of short length to the 
appropriate arm of the bridge. Resistors M and K are used for fine 
and ooGocse balance respectively. G and H are single pole silver 
contact 11 position rotary switches for manipulating the bridgei^Lnto 
balance.
The lOv battery B^ and the 2v battery B^ supply DC voltages to the 
bridge units T^ and T^? respectively. The fine and course variable 
resistors V. R. and T , R^ in the bridge circuit T_, and V R. and 
Vg Rg in the bridge circuit Tg respectively, are used for regulating the 
input voltages to the two bridge units. The l.^v battery B'is used 
exclusively when the bridges are being checked for their balance or for 
the response of their elements B (e.g. DC output/volt DC input/gram load 
or DC output/volt DC input/unit strain). The two three-way single
pole switches and enable selection of the appropriate source to 
the bridges to be made as required. The input DC voltages to the two 
units are measured on the two DC voltmeters and incorporated in the 
circuit. The DC output of the two bridges, are also conducted through 
the switch a' to a Pye scalelamp galvanometer, which can be brought into 
operation when required.
58.
If a specimen thet is under static strain between the two imits 
and Tg is subjected to longitudinal vibrations by driving the electro­
magnetic transducer by an oscillator, AC voltages will be produced in the 
two units. The AC output voltages from the two units will be proportional 
to the respective DC input voltages to the bridges and also in T^, to the 
dynamic force applied to the force sensing element through the specimen 
and in T^, to^dynamic strain applied to the strain sensing element by 
the transducer. It will be noted from Pig.8 that because of the 
geometry of construction of the two elements D in units T^ and Tg, the 
force sensing element and the strain sensing element work in opposite 
phases. Iherefore, inherently, the AC output from the two gauges will 
be 180^ out of phase with each other. The specimen between the two 
gauges will however introduce an additional phase difference, the magnitude 
of which v/ill depend on the characteristic viscoelastic response of the 
specimen to dynamic tensile testing under given experimental conditions.
v/hen a 2s i n  6/2 ^ t a n ô
Pig. 10 Vectorial representation of the output voltages from
T^ and
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Fig. 10 is a vectorial representation of the output voltages from 
and and and are proportional to force and displacement 
respectively. If a^  and a^ are adjusted to unity and the two signals 
are mixed then the reduced vector /a_ - a V ^  tan 6 is obtained. TheX c
mixing of the tv/o signals is conveniently brought about by conducting 
the output voltages to the three-way, two pole change over switch c'.
(Fig. 9)* In positions 1 and 2 the switch c'picks ip voltages from 
T^ and respectively. In position 3, however, because the signals 
are opposed only the residual voltage of the two signals is picked up.
The main structural feature of this apparatus is that the vector 
reduction is conducted without pre-amplifying the respective electrical 
output from the tvm strain gauges proportional to force and displacement. 
By this method the possibility of introducing experimental error due to 
phase shifting effect from the amplifier is avoided. However, in order
"A/
to ma^e this possible, it is necessary to amplify/very small output 
voltage (less thaZi one micro volt) by using a tuned amplifier of the 
highest sensitivity.
In the present investigation|B-709'“A low frequency an^yser with a 
selectivity (Q ~ factor) of 50 and a voltage gain 90 dB- 5 dB v/as used* 
The aiuplified AC v o j  tages were measured on a sensitive valve voltmeter 
(Marconi T F 2600), The block diagram of the tan 6 meter is shown 
in Fig.11.
stabilized 
power supply
1] torver
Selectiveove 'uc ive 
voltmeter
60,
Fig.11. Block diagrai'i of the tan <S meter.
The electromagnetic transducer was driven at 20 ops by the Muirhead 
decade oscillator (D - 890 - A). The AC outputs of T^ and were 
amplified to 1 volt (full scale of volt meter) by regulating the respective 
DC inputs to the two strain gauges.
By turning the change over switch to position 3 tan 6 was read 
directly on the voltmeter.
(iii) Instrument calibration
For the strain gauge T1
F = ®i/^ i^ "i gms........  (5) where F is the dynamic force
in gras? e^  is the Ac output from the gauge and v^ is the DC input to 
the gauge. f^  is the force calibration factor for the gauge and
is defined as the ^  voltage output per volt DC input per gram force.
Similarly, for the gauge 
® 2
^1 =»    cm   (6) where 4X1 is the dynamic dis­
placement in cm, is the AC output from the gauge T^, v^ is the DC
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input to^gauge, is the displacement calibration factor for the
gauge Tg and is defined as the AC voltage output per volt DC input per 
unit displacement.
If the length t in oms and the area of cross section A in cm^ y^ are
known, then the dynamic tensile modulus E ' will be equal to
P 2
E ' - — ™  —  gms/cm   (j)
% e  area of cross section A in equation (7) can be substituted by
m / ^where m is the mass/unit length and is den^ fity of/specimen.
Since the Ad output voltages and are adjusted to unity for 
measuring tan 6 from equations 5? 6 and 7*
f _ 'V
t 2 C 1 ■ 2 / 2
E P T—  gms/cm...... . --- ... (8)1 1 M 1
It will be noticed that in the determination of both tan S and E (, 
absolute values of the output voltages of the two gauges are not 
necessary. Relative values of these quantities are sufficient for the 
calculations.
However, the accuracy of determination of the value of E ' depends on 
the accuracy of measurement of the input DC voltages v^ and v^ . In the 
instrument described here input DC voltages are read to O.O5 of a volt 
and this is found to be satisfactory for the determination of dynamic 
teiiSile modulus. The calibration factors f^ and f^ for the gauges 
and were determined by usihg a fine coiled spring of known dis- 
plaoement/gm load. The spring (in this instance 0.0128 cm/gm load)
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was mounted between the gauges under a sufficient static strain to keep 
it taut. It was then subjected to longitudinal vibrations at 20 ops 
under a small dynamic strain amplitude of 0,02 mm. The input DC 
voltages v^ and v^ required to produce unit AC output voltage from gauges 
T^ and T^ respectively were determined. They were v^ = 4*8 and v^^O.^ 
when 0^  = ” 1«
From equations 5 a-nd 6
^2 = F . ^I gm/ cm",
~q “  - ^2 " -   (9)
substituting for F, <ûl, v and v
f f 2
=7*5* 10^ m / cm',
1
By using the spring between the two gauges the phase difference 
between the output voltages e^  and e^  should ideally be zero. On the 
tan Ô meter described here, tan 6 for the spring was less than 0*0025 
for measurements made below 0.02 mm of dynamic amplitude of vibration. 
However, above 0.02 imu up bo 0,045 mm of dynamic amplitude, due to in­
herent characteristics of the gauge construction the error in tan6 
increases from 0*0025 to 0,01. Therefore, small corrections for tan6 
values is necessary for experiments conducted above O.fîiimm of dynamic 
amplitude.
The load at yield point for a swg 50 Karma resistance wire is reported 
to be about 20 gms.
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However, the response of the two gauges to loading is linear up to 30 gms, 
and this is considered to he the majcimtuu load that can he applied to the 
gauges. The displacement of each ÿauge for 20 gms load measured
through a rnicrosoope was found to be 0.27 mm.
Tne Pye scale lamp galvanometer wan also used for measuring the
DC output voltage of each gauge per volt DC input per gm load.
The gauges produce 4 jptv/volt input/gm load. The load on the specimen 
at any time during the experiment is conveniently measured on the galva­
nometer, by reading the DC output of the force gauge T^ for a unit DO 
input,
The dynamic amplitude of vibration of the transducer was found to 
increase linearly from 0 to a maximum of 0.045 by increasing the
oscillator output from 0 to 40 volts.
The output signal of gauge T^ was checked for sine wave characteris­
tics on an oscilloscope. T\o distortion in the signal was noticed when 
the amplitude of vibration urns increased from 0 to 0.045 nim.
In the tan 6 meter the restriction on the choice of frequency of 
vibration is set by the resonance frequencies of the strain gauge units 
and transducer. On the present instrument the resonance frequencies
of the strain guage units (T^ and T^^  and transducer was 80-.eps and:
500 cps, respectively. Therefore, a frequency vibration of 20 ops 
was found satisfactory in the present investigations.
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(iv) Experimental procedure.
The investigations on dynamic tensile properties, unless otherwise 
mentioned, were carried out mostly on 2 cm length filaments taken from 
tyre cords. The ends of the filament were mounted on two small glass
hooks with epoxy resin and left to set in an oven at about 60^ for 30 
minutes. The mounted filaments were later conditioned for 10 to 12 
hours at 20^0 and 65^ BH in a conditioned room.
The length oi the specimen v/as measured on a travelling microscope 
reading to 10 microns. The mass/unit length of the specimen was
calculated by weighing a bunch of 2 cm filaments (approximately 50) on
a micro balance at 20^0 and G^ fo RH. The density of the speoimen5were
measured in a density gradient tube at 20^0 and CP/o RH.
The effect of static strain and dynamic strain was investigated on 
nylon 66, Dacron and viscose rayon in a conditioned room at and
65^  RH.
The glass hooks carrying the specimen were mounted on to glass hooks 
IT and G (Pig.8) between the gauges T^ and T^ on the apparatus.
itatic strain was applied in steps from 1, 2, 0.,..#/ of the specimen 
length. At each strain the specimen was allowed at least 1 hour for 
relaxation before the start of the dynamic experiments.
For the measurements of E’ and tan 6 the specimen was subjected to
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longitudinal vibratioh of 0,02 mm dynamic amplitude and these measure­
ments at any one temperature need less than one minute. The force
gauge T^ in the apparatus described above is not sensitive enough to 
record the dynamic tensile modulus of rayon (l-5 denier) at l^ o static 
strain.
Since the amplitude of vibration that is possible on this instrument 
is only up to 0.045 ram, three lengths of filaments 1, 2 and 3 cm were used
to study the effect of d^mamic strain over a range of 0,03^  to 0,45^?
when the static strain on nylon and Dacron was 2^ o and on rayon 3^ -
To study the effect of RH at 20^0 the apparatus was covered with a 
bell jar and made leak proof by using silicone grease between the metal 
plate H (Pig.s) and the bottom of the bell jar. Salt solutions in
petri dishes were used to maintain RH from 30^ to 95^ inside the bell
jar. The humidity inside the system was recorded using a thermocouple 
hygrometer. Since the system was leak proof it v/as possible to attain 
equilibrium conditions at any humidity within 30-40 minutes.
For dry conditions v/as used inside the jar and measurements
of E' and tan 6 were taken after 12-18 hours. However, no recording 
device was used to assess dry condition.
To study the effect of temperature and humidity on d^mamic tensile 
properties cf fibres, a Gallenkamp conditioning oven was adapted. The 
original metal door of the conditioning oven was replaced by a Formica
T^ormica "block.’board., door..
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Pig.12. Modifications on Gallenkamp door to aacoramodate tanô. meter.
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faced 'block board door. On the out-side of the door a fibre enclosure
A) and the units and were mounted as indicated in Pig.12. Similar
to the arrangement in Pig.8 unit supported by the two vertical rods 
rests on the micrometer stud 3“4 cms below A, and unit is secured 
to the vertical rods 3-4 cms above the fibre enclosure A. Glass rods 
If and G y units and respectively are dravm through l/8" holes 
provided in the centre of the enclosure and the specimen is mounted 
inside the enclosure between the rods N and G , The access to
the specimen is through a small door in front of the enclosure A.
Precautions were taken to see that the rodsN and Q are absolutely in 
line with each other by a]igning the units and as required using 
the adjustable screws. (Pig.12). In order to minimise the escape of 
steam through the -g-” holes at high temperature and humidity the holes 
were reduced in size using split card boardpieces leaving just enough 
room for the glass rods to move freely without touching the sides.Boom
air was blovm into unit to avoid condensation of steam rising from
the enclosure A during the experiment.
The fibre enclosure A is a cabinet made cf Tuflon. The inside of 
the cabinet is built in the form of a U-shaped tunnel. (Pig.l2a) terminating 
at the back of the door in an inlet and an outlet opening. A fan is 
fitted near the inlet opening inside the conditioning oven to circulate 
the conditioned air from the oven through the fibre enclosure. Since the 
enclosure is exposed to room conditions outside the door, it was heat
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insulated to avoid condensation of moisture inside the Tuflon cabinet.
The temperature and the humidity inside the cabinet were recorded using 
a thermometer and a thermocouple hygrometer, respectively.
The Gallenkamp conditioning oven is an insulated copper chamber 
designed to maintain 0 to lOG^ RH and any desired temperature from ambient 
up to a maximum of lOO^C. The conditioning oven is provided with a 
motor driven fan for circulation of air inside the chamber. Wet and 
dry bulb thermometers are also provided, which thermostatically control 
the input of heat and moisture into the oven and maintain the required 
temperature and humidity.
Since the highest temperature attainable in the Gallenkamp con­
ditioning oven is only lOO^C, for experiments up to 1$0^C in dry 
condition, a dry oven was used. The dry oven was a cabinet (l7" x 10”
X 10”) made of heat resistant Sindanyo board. It was fitted to the 
inside of the door behind the fibre enclosure A. (Fig,12a). The 
temperature in the oven was regulated by a variable transformer feeding 
two 200 watt heaters. Dry condition inside the oven was obtained by 
using PgO^, but no recording device was used to assess dry condition. 
Circulation of hot dry air through the fibre enclosure was maintained by a fan. 
Access to the dry oven was through the back panel which was fitted to 
the cabinet on winged nuts. During the temperature and humidity exper­
iments the back panel of the dry oven was left open inside the Gallenkamp 
conditioning oven, and during dry temperature experiments, only the dry oven 
was used independent of the Gallenlcomp oven*
6f
5. Heat Setting and Dynamic Mechanical Properties of Some Synthetic 
Fibres.
(i) Introduction
In the present investigation the effect of heat setting on dynamic 
mechanical properties were' studied on nylon 66 (type 900), Terylene and 
Acrilan I6.
(ii) Methods of heat treatment of nylon 66 type 900, Acrilan 16 
and Terylene,
Heat setting v/as carried out on nylon 66 (type 9OO) under three 
different conditions :
(1) Under \Ofo extension set at 190^0 for 1 hour/ ,
(2) Under l(ÿ^  extension set in boiling water at lO^G for 1 hour,
(5) Set at 190^ 0 for 1 hour under zero tension.
And Acrilan I6 was heat set under the following conditions,
(1) Under IC^ o extension set at 190° and 190°C in an oven for 1 hour,
(2) Under IC^  ^extension set in boiling water at 10°C for 1 hour,
(9) Set at 190°C for 1 hour under zero tension.
Terylene was, however, set under zero load and under 200 mg/denier load 
at 180° for 1 hour.
For applying the required extension on the filaments a frame with 
fixed and movable jaws as shown in Fig.19, was used.
Fibre
bundle
Fig,13. Stretching frame.
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A parallel bundle of filaments gripped by the fixed jaw A and 
the movable jaw B were extended to the required extension by moving the
jaw away from A to the required distance by means of the screw C,
4. Mechanical and Other Physical Properties of Some Synthetic Fibres.
(i) Introduction
Tensile properties, physical density and birefringence of some of 
the fibres were measured using well established techniques. These 
experiments were carried out, in order to examine the correlation between 
mechanical, physical and optical properties of some synthetic fibres, 
especially after heat setting.
(ii) Tensile tests Acrilan 16 normal and heat set, nylon 66
types A, B, C and type 9OO normal and heat set, Dacron and rayon.
Tensile tests were carried out on some samples at and 65^  RH
on the TM-M Instroii at a constant rate of traverse. The specimens 1 cm 
long were mounted on cardboard with epoxy resin which was allowed to
set at 80 C for about 50 minutes. The cardboard was provided with 1 cm
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windows for easy mounting of the specimen.
All samples were allowed approximately 20 seconds to break and 10 to 
15 tests were carried out for each sample,
(iii) Measurement of physical density of Aarilan I6 normal and 
heat set; nylon 66 nypes A, B, C and BH^ and type 900 
normal and heat set, Terylene normal and heat set, Dacron, 
rayon and polyblend types BH^^BH^^and BH^.
The densities of some of the samples were measured using a density
81gradient column similar to the one described by Jones . The low and 
the high density liquids were prepared by mixing pure liquids of carbon 
tetrachloride and xylene and the density of each mixture was measured by 
means of hydrometers. Olass floats of known density were used to check
the calibration of the column so prepared, a theoretical dalibration 
being obtained using the formula,
 (10)
where is the proportion of low density liquid in the <Solumn and 
V is the initial v^ olume of low density liquid in the mixing chamber.
All measurements were made at 20°C under dry condition and dry 
condition in the density column was obtained by using P^O^. To free 
the samples from any moisture, they were boiled in xylene for a few 
minutes before introducing them into the column. Readings were taken 
after equilibrium condition was attained.
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(iv) Measurement of optical "birefringence nylon 66 types
A, "B, G, BH^ and type 900 normal and heat set, Terylene
normal and heat set, Dacron and Polyhlend types BHg, BH^ and
Birefringence of some of the nylon 66 and Terylene fibres were 
measured using Mercers method.
As described by Quynn and Steele if Mercers method is to be used 
the following requirements must be met,
(1) obliquely cutting into wedge-like stumps a continuous yarn 
containing large number of filaments.
(2) counting the interference lines in the area of the oblique
cross section ( i.e. on the surface of the wedge) of fine denier fibres.
(5) measuring the last fraction of the wave length lag (not the 
total lag) by a suitable technique (e.g. by using a quarter-of-the v/ave 
length plate and a rotatable analyser).
In the present investigation oblique cross sections of fibres of 
length 0.5 to 0.5 mm were obtained by threading the filament yarn into 
a piece of cork and cutting the cork into thin slices of 0.5 to 0,5 mm at 
approximately 45*^  to the yarn axis using a sharp razor blade. The fibre 
sections were then carefully removed from tne cork slice on to a slide 
and mounted in liquid paraffin. The mounting liquid^must not, however, 
swell the fibre.
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Birefringence measurements were made on a polarizing microscope 
using sodium light. The vibration plane of polariser was oriented 
into the 90^ 0 position and that of the analyser into 0 degree position. 
The vibration plane of the quarter-of«the-wave-length plate was set 
parallel to the polarizer. For measurements, one fibre lying with 
the oblique area upwards, was picked out at a time and the interference 
rings were counted with crossed polaroids with the fibre stump set at 
45^* The last wave length lag was measured by turning the analyser so 
as to malce both interference rings that are nearest the fibre centre 
melt into each other. The angle of compensation found thus is ex. , 
Finally the fibre diameter d was measured with great accuracy on the 
microscope.
The birefringence was then obfrained using the formula.
T) • f ^ +198, n) ABirefringence ~ ^----  ^ • •   ........... Ill/
where d the diameter of the fibre is expressed in m^or A^, and ^  is 
the wpave length of mono-chromatic light expressed in the same units, 
and n is the number of interference rings.
CHAPTER IV. RESULTS AND DISCUSSION
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EESïïIjTS add DISCUSSION 
1. The Dynamic Bending Modulus
Meredith and Esu^^ made a rigorous analysis of the theory of 
vibration of viscoelastic bars and applied the theory to fibres, to 
obtain the standard expression for the dynamic bending modulus in terms 
of measurable experimental quantities. They have shovm that the dynamic 
bending modulus is,
Ê ' E'-|^  = 1.295 tr^  d  / m   ... (12)
where C is the density (g/cm ), 1 is the specimen length (cm)
f^ is the resonant frequency (cycles / sec) in the fundamental mode of
vibration, m is the mass per unit length (g/cm) and C ’ is a shape
factor given by
_ 4TTI y ^2   (13)
where I is the moment of inertia of a cross section about an 
axis perpendicular to the plane of bending and A is the area of cross- 
section.
For a fibre of circular cross section the shape factor is unity 
and for fibres of non-circular cross section the shape factor differs from 
unity.
In the present investigation it was found that most fibres (which 
are not circular in cross-section) resonate at two different frequencies 
on two principal axes that are not mutually perpendicular.
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If the resonant frequencies are too close to each other (as in specimens 
v/hich are very nearly circular e.g. nylon) it is not possible to resolve 
the band width accurately. In such circumstances fibres that are com­
pletely circular or decidedly elliptical have to be carefully chosen for 
dynamic bending experiments.
23Okajima and Suzuki , however, seem to have been successful in re­
solving four different resonance frequencies in four different directions 
perpendicular to each other in a plane in single filaments of commercial 
viscose rayon. They used a rotatable clamp attached with ^ test
filament and driven to vibration by a transducer. From their observations 
they have concluded that the arithmetic mean of the maximum and the 
minimum values of the resonance frequencies is to be used to calculate 
the absolute value of dynamic bending modulus and discuss the theoretical 
reasons for doing so.
In the present investigation|electrostatic method has been used 
for exciting the test specimen to resonance, and the test specimens were 
as fine as 15 to 20 /r . In this method since there is no control
over the plane of bending of the test specimen,the resonance frequencies 
for fibres of non-circular cross-section could not be resolved in 
directions mutually perpendicular in a plane. The non-circular fibre
was found to resonate ^  two different frequencies on tv/o principal axes 
that were not mutually perpendicular. The values of resonant frequencies
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thus observed are represented in the results for some fibres.
The values of dynamic bending modulf ■ calculated in this work for 
specimens of non-circular cross section using the expression (l§) could 
therefore, only be regarded as representing an approximate magnitude of 
the modulus and not the absolute value.
However, if one assumes that the shape factor of the fibre does 
not change on heating, the relative value of the bending modulus defined 
as b (where the shape factor cancels out; serves as a
useful parameter in studying the effect of temperature on relative 
dynamic bending modulus.
o?. Dynamic bending properties and temperature at RPI.
The results of the effect^dynamic bending properties over a range 
of -70'^ to 180^0 at frequc-effect^ dynaraic50 ops of several dry fibres in 
vacuo obtained in the present investigation have been graphically re­
presented in Pigs. 14 to 22- Some of the data for individual runs 
and mean values of tan 6 and relative bending modulus for each type of 
fibre hadbbeen tabulated in Tables 1 to IX in the hope that it may be 
useful for any future calculation.
The densities quoted, unless otherwise mentioned, are assumed 
densities of dry fibres obtained from literature: wool®^, silk^^,
Pibrolane^^, ramie®^, Portisan^^, acetate^ '^ , Tricel^^. The densities 
of the rest of the fibres used in this investigation were determined under
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dry conditions at 20^G using a density gradient tube.
It is apparent from the results presented here, and from the work 
of other research workers discussed in the literature review that 
limited information obtained from dynamic measurements alone, is quite 
inadequate for a detailed interpretation of the observed effects at a 
molecular level. In the limited time available for a research project 
of the type presented in this thesis, one cannot be too ambitious to 
plan elaborate experiments to obtain a fuller understanding of the ob­
served phenomenon in dynamic experiments. A compromise has to be sought 
and it is believed that the results presented in this thesis give; • first 
hand information on the behaviour of textile fibres and fibres from tyre 
cords to dynamic stresses and strains under various conditions of tem­
perature and/or humidity. It will be noticed from the literature 
review that very little similar information is available on fibres, al­
though much useful information is available from the work of V/ard et al 
and Woodward et al on rod like polymers. The discussion in this chapter 
will be divided into four sections dealing with;
(1) Protein fibres
(2) Cellulosic and regenerated oellulosic fibres
(5) Modified regenerated cellulosic fibres
(4) Synthetic fibres 
and the results will be discussed in comparis/on with the information 
available to date from the work reported by other research workers.
AL
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(i) Protein fibres - Wool t Silk s and Pibrolane.
Pig, 14 indicates graphically the effect of temperature in the 
range -60°G to + 190^0 on the relative bending modulus and loss tangent 
of dry wool, silk and Pibrolane fibres in vacuo. Tables 1, 11 and 111 
show some of these findings tabulated.
All the three protein fibres in the range of temperature investi­
gated show multiple transitions e.g, for wool a shoulder around +90°C 
and a distinct maximum in the loss tangent curve at about + 14^0s for 
silk a shoulder around +150^0, and three small loss tangent peaks at 
about 106^0, and ^60^0; and for Fibrolane a small loss tangent
peak at about 114^0 and a distinct loss tangent peak around lO^C. The 
rising loss tangent curve for wool and Pibrolane from -20° to "60°C 
does perhaps indicate a loss maximum below the range of temperature 
investigated in these experiments.
The relative bending modulus curves for Pibrolane and silk over the 
range of temperature investigated are similar and seem less sensitive 
compared with the multiple transitions exhibited on the loss Rangent curves 
The relative bending modulus curve for wool, however, is different from 
that of silk and Pibrolane. The change in rndulus above and below 20°C 
is much steeper for wool and also there is evidence of a sharp fall in 
modulus from -10° to 20°C, which can be associated v;ith the loss peak 
around 14°C.
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Consistent with^high degree of crystallinity (about 80 reported
for silk^^ the value of ®*p20 silk is found to be 10.8. 10^^ dynes/
2
cm , whereas for wool and Pibrolane the value of^'P'^^^ is found to be 
5.3 • 10^^ dynes/cm^.
In general; it may be said that inspite of the structural com-
89plerity of wool with a helical structure for - Keratin with twenty 
or more amino acids; the silk with a comparatively simpler chemical 
constitution than wool and with fully extended poly peptide chains which 
do not assume coiled configuration, although in crystalline regions may
90lie in closely packed pleated sheets , and Pibrolane with a simpler 
chemical constitution than wool and silk, and consisting of /3 crystallites
91and comparatively random amorphous dojnain , all the three protein fibres 
investigated show similar multiple transition behaviour. The transition 
temperatures for wool and Pibrolane lie closer together, whereas, in the 
highly crystalline silk the transition temperatures seems to occur at 
h igher temp era'tmr e s.
At this stage it may be sufficient to say, that the high temperature 
transitions observed in the three protein fibres are probably due to the 
freeing of larger se^ pnents in the side groups and the lovf temperature 
transitions ma.y be due to motion of smaller segments in the side groups 
and/or motion of segments in the main chains of the poljmrier.
It may be useful to note from Tables 1 and 11 the consistent nature
ÇUB^
CM
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of these transitdion temperatures exhibited in loss tangent values 
even in natural fibres like vfool and silk,
(ii) Cellusosic and regenerated cellulosic fibres.
Ramie y Portisan and Viscose.
In Pig.l5î the effect of temperature in the range -60^ to 190^0 
on the relative bending modulus and I d s s  tangent of dry ramie, Portisan 
and viscose rayon fibres in vacuo are represented graphically. Some of
the data of individual runs have also been tabulated in Tables V and
VI respectively.
The cellulosic fibre ramie and the regenerated cellulosic fibres 
Portisan and viscose rayon show two small loss peaks in the range of 
temperature investigated, e.g. for ramie a peak around 105°C and another
at 20°C: for Portisan around ^2^ and at 20^ ; for viscose rayon however,
o oone around 148 C and another around 58 C,
The high value of bending modulus( ^ ^q) for ramie and Portisan
in o 1o 0
e.g. 24 to 79 - 10 d^nes/cm for ramie and 52 , 10 dynes/cm for
Portisan^reflect the fact that these materials are stiff and have a high
degree of crystallinity. Per ramie and Portisan the reported value^ f of
vL
degree of crystallinity are 70^  ^and 5O70 respectively determined by^  x-ray
92 ; .
method and 95% and 85% respectively determined by/acid hydrolysis
95method . Por the textile viscose rayon, however, the value of
10 2^4 Pj’^  20 ” * 10 dynes/cm and the reported values of degree of
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crystallinity are 38^ and. 6&Jo "by x-ray^^ and acid Hydrolysia^^ methods, 
respectively.
Prom Pig,15 it will be noticed that the relative bending modulus is 
more temperature dependent for Portisan and viscose rayon than for ramie.
Meredith and Hsu^^ report two weak loss peaks for viscose rayon at 
90^C and at -20^0. They attribute the high temperature peak to break-
ihg of hydrogen bonds and the motion is thought to be impeded by the stiff
r6
nature and bulky structure of cellulose chain molecules. Tokita' how-
Q
ever, reports a dispersion at 80 C for dry viscose rayon monofilaments
and this dispersion was found to shift ia a lower temperature when the
moisture content was increased showing thereby that OH groups are associ-
(515
ated with this phenomenon. Punell and Price have observed a well-
defined maximum in energy loss around -55^0, By taking the maximum
slope of the log or leg E" v s. T curve (where E' and E" are the 
dynamic storage and loss modulus respectively and T is the absolute 
temperature) in the temperature region -20^ and -60^C for viscose rayon, 
Bunell and Price have estimated the values of the averaged activation 
energy for the relaxation processes involved applying the relations 
Eaot = X2 dïTr)-
or
£aot = 2.3R .
Values estimated in this vray are reported to be 480 cal/mole and 1100
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oal/mole, respectively. These activation energy values are low
compared with Mark's estimate of the molar cohesion energy of cellulose 
per 5 -A* of chain of 6200 cal/mole based on the assumption of a cordin- 
ation number of four for each chain^^. This leads them to suggest that 
the flow, or relaxation, unit responsible for the transition at -55^8 
in viscose rayon, is either a single glucose residue in an amorphous 
region where the effective co-ordination number is much less than four, 
or a -OHgOH side chain whose flow motion does not involve the breaking 
of a hydrogen bond.
In a recent letter Wahba reports to have observed a transition 
at about 24°C for dry as well as wet cellophane in his studies on vari­
ation of refractive indices with temperature.
From the results of ramie, Portisan and viscose rayon, presented 
in this thesis it is, as yet, difficult to conclude why low stretch 
viscose rayon which is known to have a lower optical orientation factor 
(0.34) compared with that of Portisan (high stretch viscose rayon 0,88) 
or of ramie (0,97) should exhibit transition at higher temperatures. 
Crystallites which ma,y probably vary in size in differently stretched
96rayons .and their restraint to segmental motions in the remaining non­
crystalline regions needs to be studied in detail for a fuller under­
standing of the different transition behaviour in Portisan and viscose 
rayon.
m:
I
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(iii) Modified regenerated cellulosic fibres.
Acetate and Tricel.
The effect of temperature in the range -60° to +170°C on the 
relative bending modulus and loss tangent of dry cellulose acetate and 
triacetate in vacuo are graphically represented in Fig.16. Tables VI1 
and Vlll show the data for individual runs.
It is apparent from Fig.16, that secondaiy acetate and Tricel 
exhibit multiple transition phenomenon characterised by, (l) two small 
loss peaks one around 55^8 and another around -55^8 and in addition a 
shoulder around -20°C for secondary acetate, and (2) two distinct loss 
peaks around -55^8 and 0°C and in addition three shoulders around 60°C, 
115°C and. 150°C for Tricel.
The relative bonding modulus curves for the two fibres over the 
tempcrative range are essentially similar. Once again the smooth 
featureless drop in ti'ie bending modulus with temperature probably supports 
the view that the dissipation factor is more sensitive to molecular 
motion than the dynamic modulus.
The value of bending modulus at 20°C £ * F' acetate
10 2(7.3.10 dyn./cm ) is slightly higher than the value for Tricel (4,8 to 
6.9'10^^ dyn./cm^).
From dilatcmetric studies on cellulose acetate and triacetate 
Manàelkern and Flory^^ report transitions at 60°C and 120°C for the former
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and 30°r and 105°C for the latter. In similar experiments, haicamura^®
also reports to have observed transitions corresponding to those reported 
by Mandelkern and Flory^^. Prom dilatometrio measurements Russel and 
Van Kerpel^^, however, observed transitions at 55^8 and 113°C in secondary 
acetate and at 40^8, 120°C and 155^ 8 in cellulose triacetate.
Prom dynamic experiments at audio frequencies Rakamura^^ observed
a damping peak at 120°C for cellulose acetate and at 60°C and 180°C
87for cellulose triacetate, while Russel and Van kerpel"^  observed damping 
peaks at -38^8, 130°8 (shoulder) and 195*^ 8 for acetate and at -48'^ 8,,
100°C (shoulder) and 173^8 for cellulose triacetate. Although there 
is a considerable spread in the results reported by various workers,they 
generally believe that the low temperature transitions in the -40  ^to 
-60°8 region are associated with the mobility of acetate groups, while 
the high temperature transitions in the 173  ^to 195^8 region are associa­
ted with the movement of groups of atoms in the anhydroglucose chain.
Q8Recently, from dilatometrio measurements Daane" et al reported tO 
have observed four glass transitions in cellulose 2.5 acetate below 130°C, 
at about 15 ,^ 50°, 90°, and 114°8 with probable errors of about 3°8.
They believe that the presence of multiple glass transitions suggest a 
variety of molecular mechanisms. The lo\/est transition temperature 
would be that at which the number of configurations approaches a minimum 
value. As temperature increases through succeeding transition ranges,
s
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the number of configurations and the free volume increases in a co­
operative manner. Further they add, consideration of molecular 
structure shows that one could ascribe one transition to main chain 
motions and other transitions to the motion of the acetate groups 
(separately or co-operatively).
The above mentioned ar^ puments put forward by several research 
workers to the observed multiple transition phenomenon in secondary and 
tertiaryAcetate rpyons, however logical they may bo, are purely specu­
lative and by no means conclusive. In such polycrystalline material, 
multiple transitions probably represent the varying degrees of order 
between the non-crystalline phase and the crystalline phase. From the 
observed djmaiuic bending properties of acetate and Tricel fibres in the 
present investigation, one may only say that the prosente of a greater 
number of bulky acetyl groups in the latter apparently shifts the peaks in 
the loss tangent curve to lower temperatures and yet both fibres exhibit 
the same modulus temperature relationship in the range investigated, 
j v .  Polyaorylonitrile fibres.
Acrilan 16 normal and heat set, r.nd Orion.
In Fig.17 the effect of temperature in the range -70^ to 120^0, on 
the relative bending modulus and loss tangent of dry fibres of Orion, 
Acrilan 16, Acrilan 16 set in boiling water at 100°C for 1 hour under 10^'^ 
extension and Acrilan I6 heat set at liO^G for 1 hour under IC^ o extension,
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in vacuo haefebeen graphically illustrated. As before, Tables show 
the data for individual runs,
It is apparent that Orion exhibits a distinct main transition 
around 112^0 (fig.l?) and a minor one around 65^0. There is also some 
evidence of a shoulder around -20^0. Unlike natural fibres and rayonsj,
in synthetic fibres there is a sharp drop in bhe modulus associated with 
glass transition temperature. In Orion it will be noticed that in 
raising the temperature from 20^ to 120^0 the modulus drops from 10^^ 
to 10^ dynes/cm^. Therefore,the loss peale at 112^0 for Orion can be
ascribed to glass transition peak involving the motion of large segments.
The two resonance frequencies at 20^0 for the two principal axes of 
vibration for Orion are given in Table IX^ , The value of ^  '^’ppo
calculated using bhe exnression (l2) and the resonance frequencies is
10 10 2 thus found to vary between 12.4* 10 and 22.16. 10' dynes/cm ,
Meredith and Usu^^ observed similar behaviour in Orion and report 
a main and a minor less tangent peak, a,t 120^0 and 75^8 respectively.
They ascribe the loss tangent peak at 120^0 to motion of hydrogen bonds 
which may be expected between the ON groups of one chain molecule, and 
the OH group of an adjacent molecule. The minor loss tangent peak how­
ever, is thought to be due to the motion of segments involving rotation 
of main chain molecules in the non-crystalline region which are not 
hydrogen bonded.
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This interpretation is not totally convincing because of the
poor x-ray diffraction pattern, the crystal structure of poly acrylonitrile
has not yet been definitely determined. There seems to be differing
opinion among research workers in the field of x-ray and infra-red studies
99,100
regarding the determination of the structure of poly acrylonitrile
101,102,103,104. ^ , 104 , . . . , , , ,Tadokoro et al, from infra-red spectral studies 
on poly acrylonitrile and duuterated poly acrylonitrile conclusively 
exclude the possibility of hydrogen bonding between ON and CH groups.
Under these circumstances, the above interpretation of the observed 
mechanical dispersions in acrylonitrile fibres at a molecular level is 
open to criticism.
It is interesting to note the d^mamic mecjianical behaviour of 
Acrilan I6 (Pig.iyX Acrilan 16 is reported^^^ to be produced from a 
polymer composed principally of acrylonitrile. A small amomit of 
other substances (not reported) is supposed to be present in the polymer 
which contributes bo the good processibility and dyeability of the fibre. 
Acrilan I6 does not melt, but is reported to decompose before melting.
This probably is the reason why it has not been possible to establish a 
major loss tangent peak around 90^ to 110°C, even though the tan 6 
continues to rise sharply -rb temperatures above lOO^G. In dynamic bending 
experiments the Acin'lan 16 fibres '/ere getting bent above 110°C and hence, 
it was not possible to resolve the loss tangent values above this tempera­
ture.
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Similar to Orion, althon^ h^ not a minor peak, at least a shoulder is 
visible for Acrilan 16 around 65^0. Apparently, there is no associ­
ated inflection in the relative bending modulus curve around this 
temperature. This is probably due to the facr that the drop in modulus 
with temperature (above room temperature) is very high for the acryloni­
trile fibres and any small inflection in modulus curve associated with 
minor segmental motions is not noticeable.
Heat setting of Acrilan l6 in boiling water at 100°C or at l^O^C 
in an oven under 10/ extension does seem to have some effect on the 
dynamic mechanical properties. A slight shift in both ross tangent 
and relative bending modulus curves towards lower temperature is notice­
able in both the heat treatments.
This effect apparently is more for the dry heat set fibre than for 
the fibre set in boiling water. However, the shoulder at 65^0 for 
normal Acrilan l6 shifts dovm to 55^0 for the dry heat sot fibre com­
pared with the shift to 50^0 for tlie fibre set in boiling water. It 
may be useful to mention that stretching Acrilan 16 to lO^ t and heat 
setting it for 1 hour in the oven at l^O^C instead of 150^0 results in 
complete relaxation of the stress in the fibres which acquire crimp,and 
hence develop bulk. Heat setting Acrilan 16 fibres in general seems 
to decrease the dynamic bending modulus at 20^0 (Table IX).
From the load extension curves and physical density values indicated
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in Fig.40 and Table XVII respectively, it will be seen that the initial 
modulus (also Table XVIIl), the stress at yield point and the density 
values for heat set Acrilan l6 are in general higher compared with normal 
Acrilan 16. The density value of Acrilan 16 heat set at l^O^C under 
IC^ o extension is lower than that set at the same temperature under zero 
tension. The breaking lead and the brealcing extension of heat
set Acrilan l6 seem dependent on the condition of heat setting.
The effect of heat setting of Acrilan 16 on the d;>mamic bending 
properties as observed in bhe present investigations are contrary to 
which is expected. This effect cannot, however, be attributed to 
possible degradation duo to heat treatment since the observed changes in 
tensile behaviour do not exhibit this effect.
(V) Polyolefin fibres.
Polypropylene types A, B and G,
The effect of temperature in the range «40°C! to 1$0^G on the 
relative bendingnadulus emd loss tangent of three dry polypropylene fibres 
A,B and C in vacuo hadCbeen illustrated graphically in Fig,18 Table X 
shows the data for individual runs. These fibres were conditioned 
under a small load of 2 mg/denier for 2 hours in vacuo over at 140^0.
From the density and birefringence values shown in Table XVII it 
may be said that polypropylene A and B have apparently the same ^ crysta­
ll ini ty and orientation, where as polypropylene G has a slightly lower
89.
crystallinity and higher orientation.
This may also he seen from the dynamic bending results; in the 
range of temperature covered only one peale in the loss tangent curve at 
about ly^C for polypropylene A and B and 25^C for polypropylene C with
an associated rapid decrease in the relative bending modulus is observed.
b'The value of E ’ 20 at 20^0 for polypropylene A 3*9* 10^^ dyn/cin^  is
10 2however, lower than that observed for polypropylene B, 4*9 .10 dyn/cm ,
Below room temperature up to about -40^0 dynamic bending modulus for
sample B remains higher tnan for sample A. The value of dynamic
bending modulus '^'ppO 20^0 for polypropylene C is 5.48 .10^^ dynes/
2cm . The observed differences in the dynamic mechanical behaviour
of the three samples may be due to differences in tacticities, which 
however, cannot be concdudod from the above results.
The dynamic mechanical properties of amorphous and crystalline
polypropylene over the range -196^0 and 162^0 range at 100-2200 ops have
39been invesrig;.ted by Sauer et al • They report to have observed at 
least Three transitions located at -33°0, 27^0 and 162°C for a sample 
with room temperature crystallinity of 75"8C^ o. Other dynamic mechanical
studies of this polymer have also been reported by Baccareda and Butta^ j^ ^
f 1 0  1 0 7  1 0 2
Wiljbourn , Muus, McCrum and bIcGrew , Sliohter .uid Mandell and
McDonald and Word^'’'^.
ITuclear magnetic resonance measurements have been extensively made
90.
on polypropylene by several workers.
There appears to be general agreement with regard to the general features 
of the nuclear magnetic resonance spectra. The curves all show two 
steep portions, one around -173^0 and the other around 27^ 0 where a com­
posite signal begins to appear. It has been concluded that there is 
good correlation between the temperature of the djniaraic mechanical 
transition and that of the line narrowing in the nuclear magnetic reson­
ance experiments. The glass Transition peak around 27°C has been 
generally accepted as due to segmental motions in the amorphous regions 
involving long sections of chains. The rise in the damping and the 
sharp fall in modulus near 162°C for the crystalline polypropylene has 
been attributed to the increase in chain mobility accompanying the 
processes of crystalline melting.
The d;\mamic mechanical data presented here suggest that in the 
temperature range covered there is good agreement in the location of the 
glass transition peak and the rising damping curve thereafter compared 
with thoa?reported by other workers. The differences in behaviour 
observed for samples A a n d  C as mentioned earlier are probably due to 
differences in tacticity between saiaples and this however, is not con­
clusive from the data presented here.
9i.
(yi) Polyamide fibres.
Pylon 66 types 200, 300, 600, A,B,C, and
The dynamic bending results of several types of nylon 66 fibres 
and one of rayon fibre taken from tyre cord yarns and one of nylon 66 
fibre from type 200 textile yarn are indicated in Figs,19 and 20. All 
nylon 66 fibres were conditioned at lyo^C for 10 minutes in vacuo over 
lAOj- and under a small load of 2 mg/denier. The rayon fibres,however,C. J)
were also conditioned under similar conditions but at 200^0. The
results of individual runs are indicated in Tables XI and Xll. nylon 
66 fibres although they are considered to be circular, are not quite so, 
as exhibited by the two resonance frequency values &it 20^0 corresponding 
to two principal axes of bending (not mutually perpendicular) given in 
the tables. The two resonance frequencies, if too close together inter- 
herewith the determination of the band width, especially, at the transition 
region ;^/here the band width is la.rgo. Therefore, fibres before heat 
conditioning were carefully selected and tested at room temperature for 
the two frequencies, to choose only those whose differences in resonance 
frequencies in the two principal planes of bending are either sufficiently 
large or nil. This difficulty, of coursq doea not arise in rayon 
fibres whidi are decidedly non-circular in cross-section, and the difference 
between the two resonance frequencies of the two principal planes of 
bending is invariably large (Table Xll^).
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From the tan6 and the relative bending modulus vs. temperature 
plots in Figs. 19 ond 20, it \;ill be noticed for the several types of 
dry nylon 66 fibres in the range of temperature -70^0 to +160°C investi­
gated, only one transition around 120° to 139^0 is observed. This
29observation is in agreement with the observations of Woodward et al. 
However, the glass, transition temperature for nylon 66 rod like polyamide
specimen reported by Woodward et al is only in the region of 80°C com-
o
pared with that reported in this work for fibres 120 to 155 0. This 
difference is obviously due to the high orientation and probably also 
high degree of crystallinity of nylon 66 fibres. This is indicated 
by the birefringence and density values determined for some of the samples 
(Table XVII' ).
Referring to Fig.19? the difference in the dynamic mechanical 
behaviour of fibres from textile yarn nylon 66 type 200 and from tyre 
cords nylon 66 types 5OO and 6OO is clearly seen. The loss peaks for 
the fibres from tyre cords are dispersed over a much larger range of 
temperature with the loss pean occuring around 126°C compared with the
loss peak at 122°G dispersed over a much smaller range of temperature 
for the fibre from textile yarn. Associated with the loss peak the
sharp fall in modulus occurs at a lower temperature for nylon 66 type 
200 than for the oiher tvro fibres. The value of relative bending 
modulus at 20°C for nylon 66 trpos 200 is also lower than for nylon 66
95.
types 300 and 600. (Tables Xl). Although no additional information 
than vdiat has already been given is available for those three types 
nylon 66 fibres, it may be justifiable to presume that the differences 
in behaviour in dynamic bending properties, observed for these fibres 
are not only due to the difference in the crystallinity and orientation, 
between tyre cord fibres and textile fibres but also due to difference 
in the molecular weight of the three samples. A higher molecular weight 
material i/ith longer polymer chains would cause more hindcranco' to 
segmental motion than a lower molecular weight material. Such a 
hinderanco would be depicted by the broad dispersed nature of the mechanical 
damping peak.
The mechanical damping behaviour of fibres from tyre cords of nylon 
66 types A, B, C and BHj (Pig.20) over the glass transition range are 
different compared with those of nylon 66 types 5OO and 600. The fomier 
exhibit much sharper transition peaks, types B, C, and BH^ around 125^0 
and type A at about 132°C. Inspite of this difference in the damping
behaviour the drop in bending modulus \'fith increasing temperature is 
similar between type A and type 6OO. For ty%)e 300 the drop in the
bending modeilus occurs a,t a slightly higher temperature than rest of 
the fibres, whore<as for types B, C, and the drop in the bending 
modulus occurs at a slightly lower temperature than for types A and 600.
The modulus temperature relationship is one of the important factors in 
tyre cords. It may be readily seen by comparing the modulus temperature
94.
relationship of various types of nylon 66 with rayon, why 'flat spots' 
occur in tyros reinforced with nylon cords and not nith rayon cords. 
Comparing the optical birefringence and physical density voJues of nylon 
66 types A, B, C, and BIl^  (Table XYIl) with the dynamic mechanical data 
there appears to be a y’ood correlation between the degree of crystallinity 
and/or orientation v.ith the glass transition pea': observed for these 
fibres. Nylon 66 type A, which has a high density value of 1.15
g,/cra^  compared with other types nylon 66 fibres, as expected, shows a 
different mechanical behaviour, also Pig,45* It has high initial
modulus and breaking strength but a low extension (Table XVIII). How­
ever, good tyre cord yarns should possess high strength, combined with 
high breaking extensibility a,nd rather lo:f moduli of elasticity; the 
ability to withstand repeated flexing and compression without large 
reductions in strength und the abilitv to be deformed without sub-
é
stantial loss[properties in the manufacture of compact cords for rubber- 
reinforcement. Therefore, higher glass transition temperature, in
fibres used in tyre cords is desirable providing the working range of 
modulus is also shifted to a higher temperature i.e., the sharp drop in 
TO^ odulus associated with the glass transition temperature should occur at 
a higher temperature. However, idien the performance of a tyre cord is 
considered in g’enoral with respect to tie.' end use to which it is put 
(e.g. Tractor, Aeroplane and car tyres etc),, many desirable properties 
have to be studios(as mentioned above) of which dynamic mechanical 
properties is but one.
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(vii) Polyester fibres.
Terylene normal and heat set, and Dacron»
The effect of temperature in the range of "60^C to IBO^C on the 
dynamic bending properties of dry fibres of Terylene normal and heat set, 
and Dacron az'o indicated in Fig. 21 and 22. The results of individual 
runs are indicated in Tables ZlII and XIV.
Terylene and Dacron exhibit tr/o mechanical dispersions and associated 
drop in modulus in the region of 150^0 and -20^0 to ~40^C. These
observations are consistent v/ith those reported by other workers which 
has been reviewed in the literature survey (chapter ll).
However, it is interesting to note the.t Dacron fibre from tyre cord and 
Terylene fibre from textile yarn whicli have optical birefringence values 
of 0.1854 and 0,1028, respectively and density values 1.585 and 1.575 
g/cm^ (Table XVII) both exhibit similar glass transition peaks at 150^0.
'IkjL
But I secondary transition peak for Dacron h?rs a higher value and occurs at 
a higher temperature (-20^C) compared with that of Terylene (*-40^ C).
The dynamic bending moduli at 20^C for both Dacron and Terylene fibres 
a-» e ' EggQ = 10,8 .ld° dyn/ora.
Heat setting Terylene fibres imder 200 mg load/denier, and zero load, 
for 1 hour in tJie dry oven at 180°G, apparently increases crystallinity 
as shown by density values 1.595g/cM^, and as expected the orientation 
of the fibre he t set under 200 mg load/Denier, increases as shovm by the
96.
■birefringence values vhich increase from 0.1028 to 0,209» V/hereas in 
the fibre heat set under zero load disorientation occurs, as shovm by 
the birefringence value v/hich decreases from 0,1828 to 0.175* The 
glass transition peak for both heat set fibres occurs at about the same 
temperature 147 8 compared with 150 C for the normal Terylene. the 
loss peak value is lower for the fibre heat set under load and is higher 
for the fibre he.;t set under zero load compared with the loss pealc value 
of the normal fibre. The secondary dispersion for the fibres heat
set under load and zero load occurs at -50°G and -50^G compared with 
“40^0 for normal Terylene. As before, the secondary loss pealc value 
for tlie fibre heat set under zero load is higher than for normal Terylene- 
but is unaffected for the fibre heat set under load. The dynamic bending 
modulus at 20°G, for the fibres heat sot under load and zero load are 
€ " 10,86 .10^^ dyn/cm^ and 8.2 lO^^dyn/cm^ respectively.
(viii) Rayon fibre.
The dynamic bending properties of dry Rayon fibre from tyre 
cords over a range of temperature -60^G to 180°G die represented in Pig.
20. The results are also shown in Table
B.
It will be noted that because of the non-circular cross-sectional 
shape of rayon, two resonance frequencies have been noted at 20^0 Table 
Xllg, corresponding to two principal planes of bending. The values of 
dynamic bonding modulus in the two planes of bending for dry fibres of 
rayon from tyre cords at 20^0, from 26.9 .10^^ to 56,2 dynes/6n?
97.
It is interesting to note that no inflections or peaks in the tan 6 
curve were observed for these fibres as compared with those observed far- 
Portisan and Viscose rayon (Pig.15). The vaJ.ue of tan & in the range
of temperature® investigated is lower for rayon than for Portisan and 
viscose rayon. The drop in modulus with increasing the temperature
from 20^0 to ISO^C is considerably smaller than the drop in moduli 
observed in nylon 66 and Dacron in the same range of temperature,
(ix) Polyblend fibres. Types and
The dynamic bending properties of dry polyblend fibres in the range of 
-60 to 170^0 are graphically represented in Pig.22, The results of 
individual runs are also indicated in Tables XIV, Since the chemical 
constituents of these fibres liave not yet been made knovai, the results 
represented here are only meant as a guide to the d.%mamic mechanical 
properties of these newer fibres for tyre cords compared with those of 
nylon 66, Dacron and rayon. The optical birefringence and density
values for these fibres are given in Table XVII, Both samplos BH^and 
BE^ exhibit a distinct glass transition region around 140  ^to 145°C and 
loss peak value for BH^ is slightly lower than that of BE^, and are com­
parable with those encountered in nylon 66. However, the loss peak 
for sample BE^  ^occurs around 155*^ 8 and the peak value is higher compared 
with the rest of the fibres from tyre cords.
A low temperature transition for samples BH^ and BH^ is apparent
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around -60*^  to and -30^0, respectivelyj with an associated drop
in the moduli. A low temperature transition for ample is prohahle 
helov/ -70°Co Tile values of d^ /namic Bending moduli p.t 20°C for samples
BHg and v/hich arc 7*2 .10^^ and ^.6 .10^^ dyn/cm^ respectively are in- 
between the modulus values observed for nylon 66 and Dacron. The
interesting’ point to note hero is, tha.t ajthough the transition temperature 
and the moduli of samples BM^ and BH^ are higher compared vrth nylon 
the relative fall in the dynamic bending modulus in the temperature 
range 20°C to IfO^G is about the same as that for nylon. Therefore^ 
for the tv/o polyblend samples BH^ and BH^ the working modulus range 
over the temperature scale has not increased with the shift in the 
transition peak. Taking into account the optical, physical, and 
dynamic mecbanicrJ,. properties of tlm-. samples BH^ _ and BH^ one may con^ 
elude the samples are probably a, polyamide, polyester blend5 whereas
these properties for tiie sample BH are much nearer those of nylon 66.
4
5. Blffect of Static and Dynamic Strain on Dynamic Tensile Properties.
Nylon 66 typo A, Dacron and Rayon.
The results on the effect of static and dynamic strain on dynamic 
tensile properties are represented graphical.ly in Figs.23, 24 end 23y 
for the samples nylon 66 type A, Dacron and rayon. It will be noted 
that >/ith an increase in static strain from 1 to jfo in nylon a.nd Dacron 
and 2 to Cfo in Rayon at 20*^ 0 at 63/-1RTI and under a dynamic strain amplitude 
of approximately O.k/T the loos tangent for all the three fibres remains
99*
fb'
constant, but(dynamic tensile modulus increases sharply at low static 
strains and tends to reach a limiting value. It is therefore, apparent 
that energy loss also increases with increase in static strain. The 
sharp increase in dynamic tensile modulus with static strain is attributed 
to the unfolding of the structure in the non-crystalline regions resulting 
in increased orientation which reaches a limiting value at higher strains.
However, for these fibres dynamic tensile modulus and tan6 are 
found to be independent of the dynamic strain amplitude in the range 
betw^ een 0.1^ to 0.3^ Pigs, 23b, 24b, and 23b.
4,Dynamic Tensile properties and Relative humidity.
Nylon 66 types A, B and C, nylon 6, Dacron, Acrilan l6, and rayon.
The effect of varying the relative humidity from zero to 93^ at
20°C, on the dynamic tensile modulus ond tan 6 of nylon 66 types A, B
fjcYilüKfh f
and C, nylon 6, Dacron^^and ^ayon are indicated in Figs.26, 27 and 28.
It will be noted that in nylon 6 fibres a distinct dispersion occurs 
at about 839^  gE, whereas in nylon 66 fibres (types A, B and C) a dis­
persion is apparent above 90 or 99^ RH. All the nylon fibres shov/ a 
decrease in the dynamic tensile modulus witli bh increase in RH. The 
differences in behaviour noticeable between sai-iples A, B, and C are at­
tributed to the differences in the degree of crystallinity between the 
three types of fibres as shovm by their density values (Table XVIl).
These findings are consistent with the observed differences in tensile(Fig.4
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and dynamic 'bending properties of nylon 66 fibres types A, B and C.
The observations on nylon 66 presented here are in agreement with those
74-reported by Quistwater and Dnnell . vdiich has been reviewed in the 
literature survey.
Dacron and Acrilan l6, also show similar dispersion to nylon 66 
and nylon 6 but around 70^  ^or 75^ and their dispersion pealcs are, hov/ever, 
much smaller. Considering the differences in the moisture regain of 
these fibres (Table XIX) it appears that the presence of water decreases 
inèerinolecular cohesion and therefore, se.^ (mental mobility increases 
depending on the amount of moisture absorbed by the fibre,
The results on rayon fibre Pig.28 show that apparently two dis­
persion regions exist, one around RH and another above 9Cf}^ RH. A 
sharp change in the d;^ /namic tensile modulus associated with these dis­
persions may also be noted. An increase in static strain from to 
6fo on rayon fibres increases the tensile moduli over the range of RH 
investigated, but the dispersions on the loss tangent curve appear to 
move twward lower humidities. This is probably due to the fact that
by increasing the static strain on the fibre, mechanical strain energy 
is imparted to the system and therefore, water molecules can now disrupt 
the interraoleoular bonds more easily and increase segp^ iental mobility 
at a lower regain. The tv;o dispersions observed in rayon fibres by
changing the relative humidity from 0 to 95^ may be attributed to the
101,
directly and indirectly absorbed v/ater molecules in non-crystalline 
region. The directly absorbed water would initially free some seg­
ments in the molecular chain which acquire greater mobility as the 
process of moisture absorption continues.
5. Dynamic Tensile properties, Temperature and/or Relative Humidity.
Hylon 66 types A, B, C, BH^  and type 9OO normal and heat set
Dacron, Acrilan I6, Rayon and Folyblend types BH^j BH^, and BH^.
Figs,29 1b 55 indicate the results of measurements of dynamic 
tensile properties of nylon 66 types A, B, and G and 900, Dacron,
Acrilan I6 and rayon over a range of temperature 20^0 to 95^0 at 8$^ ,
65?^ and 45^? and over a range of temperature 80^ to 150^0 at 0^ RH.Single 
filaments from tyre cords of 2 cm length (except for Acrilan I6 and rayon) 
were used for the dynamic tensile experiments which were carried out at 
a constant frequency of 20 ops vnlth the fibres subjected to 2}o static 
strain and 0,lfo dynamic strain.
At high temperatures the modulus of Acrilan is very low and there­
fore on the present apparatus dynamic tensile measurements could not be 
carried out on 8 denier single fi]ament of Acrilan I6. However, with 
two filaments of 2 cm,length fixed to the apparatus parallel to each 
other and subjected to 2P/o static strain and 0.1^ dynamic strain it was 
possible to cover a wide range of temperature and humidity. Since rayon 
fibres were of finer denier, two (filaments of 2 cm length were fixed to
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the apparatus parallel to each other as for Acrilan hut were subjected 
to static strain on.d Q.l^ dynamic strain. On nylon 66 types A, 3^  
f,nd C ; experiments were carried out on two fibres each, in order to 
establish the reproducibility of the experimental technique. It will 
be seen from Tables XV that reproducibility of the results using the 
experimental technique described earlier is good. On nylon 66 type $»00 
dynamic tensile properties at Oÿ^ RR over 80^0 to 145^6j ha.ve also been 
studied under 1^ and 4?^  static strains (Fig. 32).
Referring to Pigs. 2$ to 32 nylon 66 types j &md t^ /pe 900 shov; loss
tangent peaks (;';lass transition) between 108^ to 115^0 at Ofo RH, With
increase in moistice content the glass transition peak shifts towards
lower temperature and the height of the loss tangent peaJc is affected
by the absorbed moisture vrbicli is dependent on the ambient conditions
of temperature and relative humidity. This finding is consistent
20
witl'i those reported by Vfoodward et al for rod like specimen of nylon 
66. It is interesting to note that with the fibre A which has higher 
density than types B, C and type 900 the loss peaks at all Intnidities 
occur at a higher temperaturesj This was also found to be true in the 
dynamic bending experiments at Cf/^ RH,
The effect of density can also be noted in the tensile behaviour of 
these nylon 66 fibres shovm in Figs.41 and 42. Hylon 66 type A exhibits 
a higher initisd modulus and breaking stress and a low breaking extension 
compared with the other nylon 66 fibres.
103.
The sensitivity of the position of the glass transition peak
observed at about 108*^ 0 to 115^0 to the water content of the nylon polymer
may indicate a connection wit]: the amide linkages in the non-crystalline
region. Since dynamic tensile experiments at different relative
humidity below 20^0 were not carried out in the present instance, the
I'i damping peak around -33*^ 0 for polyhexamethylene adipamide, samples
29containing water reported by Yi/oodward et al could not be studied. 
Woodward et a], interpret that in polyamides the o', peak (glass transition 
peak) is associated with segmental motions in amorphous regions as a 
consequence of the breaking up of hydrogen bonds (or polar forces of 
attraction) between chains, and the ^3 peak (^secondary glass transition 
peal{) inj specimen containihg water is associated with segmental motions 
in the amorphous regions involving the co-operation of methylene groups 
and non-hydrogen bonded amide linlcs. Such an interpretation, although 
logical, assuraes the existence of hydrogen bonded emd non-hydrogen bonded 
amide linkages in the non-crystalline parts of polyamide polymer merely 
to explain the observed phenomenon in dynamic mechanical measurements. 
IIoY70ver, there seems to be no support for such an assumption from the 
infra-red and MÎR studies reported by other workers.
From the 'work of Holliday^^'^ it may be recalled that the 5300 cm”  ^
bonded FlI band changes only gradually in intensity and frequency as the 
temperature is raised from lOO^C to 200^0 emd the changes become more
104'
marked above 2 0 0 although no break in ItH band is observed. Trifan
and Terenzi^^*^ have estimated that no more than one percent free HH groups
117is present in a series of nylons including even odd members. Miyake 
has also investigated different types of nylons and has concluded from 
quantitative estimate of optical densities, that the amide groups form 
hydrogen bonds almost completely, irrespective of the number of methylene 
groups,
Recently Glick and Phillips^''^ have studied the proton magnetic 
resonance spectra of variously treated nylon 66. They report that the 
broad line îR/iR spectra of all samples consisted of a super:imposition of 
a broad and narrow component at vail temperatures studied, •-163^ 0 to 
137*^ 6. Dried nylon and dried deuterated nylon afforded indeatidal
spectra. This identity has been interpreted as indicating a
possible electrostatic rather than overlap description of hydrogen bonds 
in amorphous regiohs. Additives such as water, deuterium oxide,
methanol, and deuteriums methoxide, have been found to lower the tempera­
ture at which the narrow component line width further reduced. Such 
an effect, however, is consistent with other studies that indicated such 
additives were associated witn hydrogœi bonds in amorphous regions of 
the folymer. This effect, appeared to saturate at a concentration of
additive equal to that of the: amide functions in the amorphous regions. 
Contrary to their earlier studies, it has been reported that there is 
little difference if any between ÎO-ÎR spectra obtained with; samples contsùning
105.
proton additives and those with appropriately substituted deuterium 
additives.
Amidst such controversies it appears that from only dynamic bending 
and tensile data on nylon 66 over a range of temperature and humidity 
presented hero, it would bo futile to conclude and to attribute the 
observed transitions in nylon 66 to motions of specific molecular groups 
or segments.
Referring to Pig.32 it may be interesting to note the heights and 
the positions of the glass transition peaJi at Ofo r.h. for nylon 66 type 
900 at static strains 1^ , 2^/o and 4/^  which occur at 112^, 109  ^and 107°C 
respectively, the heights of the peaks decreasing with increa.sing static 
strain. As expected the dynamic tensile moduli in the temperature
range investig'.ted are higher at higher sttitic strains. The shift in 
the transition peak to slightly lower temperature with increasing static 
strain in the range investigated nay be attributed to the higher mechanical 
energy imparted to the system v/ith straining and therefore, less ad­
ditional thermal energy is required to activate the segments to rotate.
Pig.33 indicates the effect of temperature and/or hiumidity on the 
dynamic tensile properties of Dacron. In the temperature range investi­
gates, only one dispersion peak at about 145^ 0 for the dry fibre v/as 
observed. In the present investigations dynamic tensile experiments 
at different humidifcios were not carried out above 95^6 oiid below 20^C
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and therefore, the effect of moisture content on the glass ransition 
and secondary glass transition peslcs could not be studied as studied by 
Kline and Sauer, However, from the dynamic tensile modulus and
loss tangent values over a range of temperature at different humidities 
represented in Fig.03 one can conclude that thetffect of moisture on the 
d;ynamic tensile properties of Dacron is comparatively less than that on 
nylon 66. At higher humidities if the experiments wore carried out
at higher temperatures the glass transition pea.: might occur at a slightly
o 33lower terapera.ti.ire than 145 G as reported by Kline and Sa.uer , From
34the extensive v/ork of Y/ard :md others on the segmental motion of 
polytheylene terephthalate polymers using dynamic mechanical technique, 
nuclear magnetic resonance spectra, infra-red spectra and x-ray diffraction, 
reviewed in the literature earlier, the glass transition peaks of poly­
ethylene terephthalate fibres observed in the present investigation in 
dynamic bending and tensile experiments may probably be attributed to 
considerable rotation of the glycol residue also involving paraphenylene 
linliages in the non-crystalline parts of the fibre. The low temperature 
secondary transition petdc observed in the dynamic bending experiments 
may be attributed to some very restricted rotation of the glycol residue.
The position of these two dispersions in different polyethylene tere­
phthalate fibres is, however, affected by the previous history of the 
material (e.g. heat treatment, orientation etc).
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The differences in the temperature location of the glass transition 
peaks for dry fibres of nylon 66 and Dacron between dynamic bending and 
tensile experiments iir»? attributable to the difference in freq,uency(about 
a decade) adopted in the tv/o experimental techniques in the present 
investigations, From Nielson's^ theoretically calculated values, and
Yasaka Wada's^ compiled data, it may be seen that for most common 
polymers a shift in the glass transition peak temperature of about 7^  
to 8^C occurs for a decade change in frequency.
Fig,54 indicates the effect of temperature and/or humidity, on 
the dynamic tensile properties of Acrilan 16. Consistent with the results 
of the dynamic bending experiments (Fig.17) it has not been possible to 
establish a major loss tangent peak around 90° to llO^G at Ofo RH in 
the dynamic tensile experiments. However, it may be seen that tan 6 
continues to rise sharply (Fig.54) with a corresponding drop in 
modulus above lOO^C exhibiting a rubbery behaviour at that temperature.
It is also interesting to note that this rubbery response in Acrilan 16 
occurs at lov/er temperatures with increase in moisture content.
Comparing the moisture regain of Acrilan 16 with oolyamide and polyester 
fibres (Table XIX) it becomes obvious that the presence of water decreases 
intermolocular cohesion and therefore, segmental mobility increases 
depending on the amount of moisture absorbed by the fibre. Since 
Acrilan fibres absorb comparatively more am-ouitt— of water than polyester 
fibres and less amount of moisture than polyamide fibres, the effect of
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moisture on the dynamic mechanical properties of Acrilan fibres lie 
Det'’'een polj-ester and polyazaif'e fibres.
Unlike in the dynamic bending experiments, here no shoulder in the 
loss tangent curve around is visible for Acrilan l6. Similar to
the arguments presented earlier, from these results along it is not pos­
sible to attribute the behaviour of Acrilan 16 fibres in the glass/rubber 
region to notions of specific molecular groups or se^ gnents. The sensit­
ivity of the loss tangent and dynamic module,: values around 80° to 110°C 
to moisture content may indicate that segmental motion in the glass/rubber 
region involve the rotation of polar groups.
The results the d;ynaiiic tensile properties of ra,yon fibres over 
a range of temperature at different humidities represented in Fig.p5» 
Although temper,ature has a coinaratively smaller effect on the d;;mar;iic 
mechanical properties of dry rayon fibres tha,n on dry nylon 66 and Dacron 
fibres, humidity has e more nerked effect on rayon fibres. This finding 
is consistent nltfi the high moisture regain in rayon fibres at any given 
conditions. It v/ill he noted teat no dispersion, peaks were observed in the 
rayon fibre in'-'ostigated in the present instance over the v/ide range of 
tem.perature and humidity. Howeveryvith increase in humidity the loss 
tangent values rise rather sharply at loi'/or temperature compared with 
dry fibre. Associated v/ith' these rising tendencies of loss tangent values 
a drop in bne d;ynamic tensile moduli may also be noted. A small shoulder 
at about ^2°C at 65/'> r.h. is visible -.fiich is not observed at other 
humidities» These findings are consistent
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S6with those reported by Tokita for myon monofilaments except that
Tokita observed a dispersion peadc at 80^G for dry viscose rayon,Y/hich 
shifted to 65^0 at 65^  RH, The absence of dispersion peak may be
duo to differences in crystallinity, size of crystallites and/or 
orientation between the viscose rayon samples used by Tokita and the 
fibres from tyre cord rayon used in the present investigations.
It nay be interesting to note the tensile behaviour of rayon 
fibres Fig, 4-1 compared with nylon 66 and Dacron, Rayon fibres have a
low breaking stress and low breaking extension. As mentioned earlier
high breaking stress and high breaicing exter-sion is one of the desirable 
properties in tyre cords. However, the choice of tyre cords for 
tyres depends on the end use of the tyre itself.
The effect of temperature, in the range to l^O^C on the 
dynamic tensile properties of polyblend fibres t;^ rpes and BH^
at Ofo RHctya indicated in Fig, 56. The dynamic tensile properties of 
nylon 66 type BH^ aT'g- also shown in the same figure for comparison. It 
will be noted that the effect of temperature on these fibres measured 
in dynamic bending experiments Fig,22 are in general agreement -with 
those measured in dynamic tensile experiments. Slightly low tempera­
tures registered for the transition peaks in dynamic tensile experiments 
ÆX& attributed as mentioned earlier to the differences in frequency (about 
a decade) adopted in the two experimental techniques. As observed in
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the dynamic bending experiments the dynamic tensile moduli for sampler 
Bhg and BH^ are higher at all temperatures in the range investigated 
compared v?ith corresponding values for the nylon sample BH^and the poly­
blend sample BE^.
6. Effect of Heat Setting on Dynamic Tensile Properties.
Hylon 66 Type 900.
The effect of heat setting on the dynamic tensile properties of 
nylon 66 type 900 are indicated in Pigs.37? 38? and 39- Conditions of
heat treatment of these fibres are show in Table XYI and measured 
values of optical birefringence and physical density are shown in Table 
XVTI. It will be noted from the birefringence values that disorient­
ation occurs in fibres heat set at 150*^ 0 under zero tension, whereas 
orientation increases when the fibres are heat set either in the oven 
at 130°G or in boiling water at lOO^C for one hour under 10^ extension. 
The physical density, however, increases (therefore, the crystallinity 
increases) wder all three conditions of heat setting. The effect of 
crystallinity and orientation is also reflected in the tensile behaviour 
of these fibres Pig.42. The fibres heat set for one hour at l^O^C
or in boiling water at l^ô^C under IC^ extension show higher breaking 
stress and lower breaking extension, vdiereas fibres heat set at 130°C 
for one hour under zero tension show lower brealcing stress ajid higher 
breaking extension compa.red with normal fibres. Fibres heat set under 
zero tension also show a lower initial modulus compared with fibres heat
111.
sot imder extoision but show a slightly higher initial modulus than 
normal fibre. This is due to fact that heat setting under zero tension 
has increased crystallinity and has reduced orientation compared with 
the normaf fibre.
Prom Pigs.37? 38 and 39 it is interesting to note that the tempera­
ture of the glass transition peak of nylon 66 type 900 at various humidi­
ties is affected by the condition of heat treatment. The transition 
temperatures at different humidities for both samples heat set at l^O^C 
for 1 hour under 10^ extension and under zero tension occur around similar 
temperatures (also shovra in Tables XVIII) which are higher than those 
observed for normal nylon 66 type 900 fibre. The corresponding heights 
of the peak for the sample heat set under zero tension show an increase 
compared with normal fibre, whereas for the sample heat set under extension 
the peak heights decrease. Since the orientations of the two samples 
arc different and the densities are nearly the same it may be concluded, 
as in Terylene Pig.21 in dynamic bending experiments, that increase in 
orientation apart from increasing the dynamic tensile modulus ovef the 
range of temperature investigated reduces energy losses in nylon 66 over 
the transition region.
The fibres heat set under 10^ extensions in boiling water show still 
higher transition temperatures at different humidities (except at O^o rh) 
compared with fibres heat set in tlte oven at 130^0 under extension and 
under no tension. Jt is interesting to note that the birefringence and
112,
density values for the fibres heat set in oven and in boilingyunder 
lOfo extension are about the same. Therefore, the increase in the 
transition temperature observed at all humidities in the range investi­
gated for fibres beat set in boiling water is attributed to the larger 
size of crystallites that are possibly formed in nylon 66 in the presence 
of water. It is thought that although the overall crystallinity
between the t\ro heat set samples may be the same, the presence of water 
in one sample would increase molecular mobility of the chains to 
reorient easily and therefore form larger crystallites. Slightly 
lower transition temperature of 115^0 at Ofa RH for the fibre set under
10^ extension in boiling water at lOO^G, compared with 120°C for the
fibre set under 10^ extension/at I50 C is probably due to the effect of
unsetting in the former at temperature above lOO^C.
TABLE I A.
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WOOL g Dynamic bending properties and Temperature.
Fibre 1, 
Temperature
..... r °0........
Resonant
frequency f • c/s. tan 5
Relative bending 
Modulus L ’ b/E *,
185 4^8.5 0.022 0.7i3
172 454 0,015 0.81
159.5 459.5 0.0124 0.822
146 465 0.0116 0.841
133 470.5 0.01 0,861
120 475.5 0.0098 0.88
106.5 480.25 0.0116 0.9
; 99 482.5 0.0128 0.91
92 484.5 0.0134 0.913
78 489.5 0.0138 0.932
64 495.75 0,014 0.948
50 498.5 0.0148 0.967
42 501 0.0176 0.98
35 503.5 0.019 0,99
27.5 504.5 0,0216 0.997
20 507 0.024 1
15 510 0,0258 1.015
9.5 513 0.0242 1.055
6 516.5 0.0224 1.045
«6 524.5 0.019 1,07
-18 528.5 0.0168 1.09
“24 532 0.0164 1,1
“30 534 0.0172 1,11.
“42 539.5 0.0194 1.132
“54.5 544 0.023 1.153
-67 548.5 0.0274 1.173
Fibre dimensions.
Length = 0.549 om.
Mass/Unit length = 22,7 0%,
Density Ç »= 1.303 gm/om^
£'E'b20 » 5*46 .10^^ dynes/cm^,
TABLE I B.
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WOOL s DjTiaRiic bending properties and Temperature. 
Fibre 2.
Temperature Resonant
frequency
fo c/s.
tîm g Relative bend­
ing Modulus
185 306.5 0.022 0.725
172 312.75 0.015 0.755
159.5 317.5 0.015 0.778
146 522 0.0122 0.8
133 329 0.012 0.834
120 333,75 0.012 0.859
106.5 557,5 0.0124 0.878
99 539 0.0138 0.89
92 341 0.0144 0.897
78 544 0.015 0.913
64 347.25 0.0156 0.931
50 350.5 0.017 0.948
42 353 0.0184 0.96
35 355 0.0209 0.972
27.5 357.5 0.022 0.99
20 360 0.024 1
. 15 362 0.027 1.01
9.5 364.5 0.025 1.025
6 366 0.0236 1.039
-6 372 0.02 1.07
-18 375 0.0174 1.086
-24 377.5 0.0168 1,1
“30 379 0,0174 1.109
—42 383 0.0198 1.132
"54.5 386 0.025 1.152
-67 389 0.0274 1.173
Fibre dimensionss Length 
Density - 1.305 gm/om^
&'E'^ 20 = 5.117. 10^® dynes/cf
0.6 cm. Mass/unit length = 20.22 pg/om.
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TiVBLE IC.
WOOL : Dynamic Lending properties and Temperature.
Mean values.
Temperature 
U 'G
tan 5 Relative Lend­
ing Modulus
E ’V e -^20
185 0.022 0.76
172 0.0155 0.78
160 0,013 0.8
150 0.0115 0.82
140 0.0105 0.84
130 0.0105 0.86
120 0.0108 0.875
110 0.0118 0.89
100 0.013 0.9
90 0.014 0.915
80 0.0145 0.925
70 0.015 0.94
60 0.015 0.95
50 0.016 0.96
42 0.0175 0.97
35 0.0195 0.98
27.5 0.0218 0.99
20 0.0245 1
14 0.0265 1.02
10 0.025 1.03
5 0.0225 1.04
0 0.021 1.055
“5 0.0195 1.07
-10 0.0185 1.08
-20 0.017 1.09
-30 0.017 1.1
"40 0.0165 1.12
"50 0.021 1.155
-60 0.025 1.155
6 ' E '  = 5 -3 .1 0 ^ °  dyn es /■b20
cm
TABLE II A.
8ILK; Dyiianic Lending properties an'; Temperature,
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T^perature Resonant 
frequency 
fo c/s.
tan Ç Relative bend­
ing Modulus
140 199 0.028 0.92
133 199.8 0.025 0.928
126 200.4 0.021 ; 0.953
120 201 0.0194 0.939
114 201.9 020192 0.948 ■'
106.5 202.6 0.0185 0.955
92 203.6 0.017 0.964
78 204.6 O.OI64 0.973
64 205,4 0.0157 0.98
50 206.2 0.0153 0.989
35 207.2 0.015 0.998
20 207.4 0.0114 1
6 208.7 0.0102 1.008
-6 209.2 0.01 1.017
-18 210 0.0095 l.f25
"30 210.2 0.0088 1.026
-42 210.6 0.0094 1.03
“54.5 211.6 0.0093 1.04
-67 212.4 0.0085 1.048
Fibre dimensions: 
Length -0.5 om. 
Density - 1.353 
e»E»b2o = 10.98,
Mass/unit length
gm/cn^. 2
10^^ dynes/on ,
1.43 Hg/cm.
TABLE II B
SILKg Dynamic bending properties and Temperature
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Fibre 2.
Temperature • Resonant
frequency
f c/s 
0
tan S Relative bend­
ing modulus
E'VE'^20
105 201 0.027 0.85
179 201.75 0.022 0.8567
172 202,75 0.0208 0.8654
159.5 205.2 0.0204 0.8857
143 206.5 0.019 0.8974
140 208 0.0157 0.9103
133 208.75 0.0143 0.9175
126 209.6 0.013 0,9243
120 210.25 0.0128 0.9305
114 211 0.0134 0.9367
106.5 211.5 0.0125 0.941
92 212,75 0.0104 0.9523
78 214 0.0092 0.9634
64 215 0.0086 0.9723
50 215.5 0.0086 0.9768
35 216.9 0.01 0.99
20 218 0.0074 1
6 219 0.0062 1.009
-6 220.15 0.0061 1.017
"18 221 0.0064 1.025
-30 221.75 0.0076 1.035
"42 222.95 0,0084 1.046
"54.5 223.1 0.0083 1.047
-67 . 223.3 0.0076 1.047
Fibre dimensions:
Length 0.5 cm.
Mass/Unit length - 1.57 Mg/cm. 
Density = 1.355 gm/cm
b20 - 11.08. 10^^ dynes/cm^,
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TABLE II C.
SILKs Ljmamic bending properties and Temperature.
Fibre 3*
Temperature Resonant
frequency
f o/s. n '
■tan S ' Relative bend­
ing modulus
® ’V e T20.
135 225.75 0,0216 0,83
179 227.75 0.01816 0.84
172 230 0.0174 0.855
159.5 233.5 0.0162 0.883
143 234 0.0154 0.885
140 236 0.012 0.9
133 237 0.011 0.91
126 238 0,0106 0.92
120 259.75 0.0106 0.93
114 240.5 0,0106 0.937
106.5 241.25 0,0108 0.94
92 242.5 0.0098 0.952
78 243.75 0.009 0.96
64 245 0,0086 0.971
50 245.75 0.0086 0.977
35 247.25 0.009 0.99
20 248.4 0.0051 1
6 249 0.005 1.002
"6 250 0.0052 1.013
"IB 250.5 0.0058 1.018
"30 251 O.OO69 1.02
"42 251.65 0,0085 1.022
“54.5 252.5 0.009 1.033
-67 255 0.0078 1.055
Fibre dimensions?
Length - O.4 cm.
Mass/Unit length =1.5 Mg/cm. 
Density = 1.353 gm/cc.
10.34e'E' b20
»^10 M / 210 dynes/om ,
Il)
TABLE II B.
SILK g Dynamic bending properties and Temperature, 
Metm values.
Temperature tan S ! Relative bend­
ing modulus
: ® ’VE't20
185 0.03 I 0.84
180 0.0275 0.85
170 0.025 0.87
160 0.024 : 0.89
150 0.0225 • 0.9
140 0.0205 0.915
130 0.0175 i 0.955
120 0.0155 ; 0.94
115 0.015 : 0.942
106 0.0155 Î 0.95
100 0.0145 0.952
90 0.0135 ) 0.96
80 0.013 f 0.965
70 0.0125 0.97
60 0.012 0.98
50 0.012 0.985
40 0.012 ; 0.99
35 0.0125 0.992
30 0.011 ! 0.995
25 0.01 0.998
20 0.009 1
10 0.008 1.005
0 0.0075 ; 1.01
"10 0.007 ! 1.015
"20 0.0075 i 1.02
"30 0.008 1.025
"40 0.0085 1.03
-50 0.0092 : 1.035
"60 0.0095 1.045
&IE'b20 = 10.8. 10^^ dynes/cm^.
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TABLE III A
FIBROLAJTEs Dynamic Lending properties and Temperature,
Temperature
•c
Resonant
frequency
f c/s. 
a '
t a n  G Relative bend­
ing modulus, j 
E-t /E\2o
185 203 0.04 0.83 <
179 207 0,036 0.845
172 210.6 0,032 0,863
166 214 0,028 0.875
159.5 217 0.0238 0.885
155 218. 5 0.021 0.892
146 220.25 0.02 0,9
140 221.75 0.0186 0,905
133 223 0.0157 0.91
126 225.5 0.0118 0,918
120 227.75 0,012 0,928
114.5 229 0.0126 0,955
106,5 230.5 0,0117 0.941
92 233 0.01 0.95
78 235.5 0.0088 0.96
64 237.5 0.01 0.968
50 240 0,012 0.978
55 242.6 0.0144 0,99
20 245.5 0.017 1
5.5 247.5 0.0192 1,01
-6 250 0.0162 1.02
-18 252 0.016 1,037
-30 255.25 0.017 1.04
-42 258 0.0194 1.052
"54.5 260.5 0.0254 1.062
-67 262 0,028 1.07
Fibre dimensions?
Length = O.5O8 cm 
Mass/Unit length = 5-5 M^/om. 
Density =1.29 gm/cc.
JO . / 2e'E' Leo 5.2 10 dynes/cm
121,
TABLE I I I  B.
FIBROLALEs Lynamic bencling p ro p e r t ie s  and Tem pera tu re .
F ib re  2.
Temperature
^ "c
Resonant
frequency
0^
tan S Relative bend­
ing modulus
® ’^ /^’b20
185 235 01031 0.83
179 237 0.0248 0.8475
172 240.5 0.0204 0.867
166 243.5 0.0188 0,376
159.5 245.5 0.018 0.885
155 247.5 0.0174 0.892
146 250 0.016 0.9
140 252.5 0.0135 0.91
153 256 0.0132 0.922
126 258 0.014 0.93
120 260 0.0146 0,936
114,5 261 0,0148 0.94
106.5 262 0.014 0,945
92 264 0.0131 0.95
78 266,5 0,013 0,955
64 269.25 0,0131 0.97
50 272 0.0136 0.98
35 274.75 0,015 0.99
20 277.5 0.0173 1
5.5 280.5 0,0193 1,01
-6 283.2 0,0184 1,021
-18 286 0.0172 1,031
-30 288.5 0.0177 1.04
"42 291.5 ‘ 0.022 1.051
"54.5 294.7 0.024 1.065
—67 299 0,028 1,078
Fibre dimensions:
Len^th= 0,485
Mass/ïïnit length = 3.87 jwg/cm. 
Density = 1,29 gm/cc.
e 'E ' 5.63.  10^^ dynes/om'"b20
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TABLE III G
PIBROLAI'TEs Dynanic bending properties and Temperature.
Fibre,3,
Temperature Resonant
frequency
f c/s, 
u
tan'S Relative bend­
ing modulus
® ’Vq'2o
185 232 0.037 0.83
179 235 0.033 0.845
172 237.5 0.0282 0.852
166 240 0.0236 0.862
159.5 243 0.02 0.872
153 246 0.0198 0,885
146 248 0.0175 0,89
140 252 0.015 0.905
133 256.6 0.01365 0.922
126 257.5 0.0144 0.925
120 259.5 0,0152 0,932
114.5 260.5 0.0153 0*937
106.5 262 0.013 0.94
92 264.5 0.0119 0.95
78 267 0.0116 0,86
64 259.5 0.0125 0.968
50 272 0.0147 0.977
35 275 O.OI69 0.987
20 278.5 0.0185 1
5.5 281.7 0,0199 : .01
-6 283.5 0,01905 1,02
-18 286.7 0.0183 1.032
-30 289.45 0.0183 1.04
-42 292.4 0.02 1.05
"54*5 295.5 0,0237 1.062
-67 298.9 0.0274 1.075
Fibre dimensionss 
Length = 0.45 on.
Mass/unit length = 3.47 M'g/om, 
Density = 1.29 gm/cm^
6'E' 4*865. 10^^ dynes/cm^.b20
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TABI.E III B.
FIBROLMIEg Bynaraic bending properties and Temperature.
Temperature tan S Relative bend­
ing Modulus
185 0.036 0.84
179 0.0313 0.85
172 0,02686 0,86
166 0,0235 0.87
160 0.0206 0.88
153 0.0194 0.89
146 0.0179 0.9
140 0.0158 0.91
135 0.0142 0.92
126 0.0134 0.93
120 0.0139 0.935
114.5 0.0142 0.945
110 0.0135 0.945
105 0.013 0.95
100 0.0125 0.95
90 0.0115 0.96
80 0.011 0.965
70 0.0112 0.97
60 0.012 0.975
50 0.013 0.98
40 0.0145 0.99
30 0.016 0,995
20 0.0175 1
15 0.019 1,01
5 0,0195 1.015
0 0.019 1.02
-10 0.0175 1.03
-20 0,017 1.035
"30 0.0175 1.04
-40 0.0195 1.05
-50 0.022 1.055
"60 0.0255 1.06
5.3, 10^^ dynes/
b20 cm
124.
RAMIE g Dynaïï 
Fibre 1,
TABLE IV A.
lie bending properties and Temperatmrsy
Temperature
o''
Resonant
frequency
f ■ c/s,0 '
fan Relative bend­
ing modulus
® V ® ' b 20
146 191 0.019 0.87
133 194.35 0.0143 0.9
120 195.7 0.0118 0.91
106.5 197.5 0.012 0.93
92 199 0.0115 0.94
78 200.5 0.0095 0.96
64 202 0.0093 0.97
50 202.7 0.0093 0.98
35 204.15 0.0103 0.99
20 205.1 0.0117 1
6 205.5 0.011 1.01
-6 206.5 0.0095 1.015
P18 208 0.0088 1.03
"30 209 0.01 1.04
"42 210 0.0128 1.05
-54,5 212 0.0158 1.07
Fibre dimensions?
Length = 0.7 om, Mass/unit length 
Density 2 = 1.553 om^
4 Mg/cm.
e'E' b20 24,1. 10^^ dynes/cm^
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TABLE IV B.
I-lAlvîIEî Dynamic Lending properties and Temperature.
Fibre 2.
Temperature
:
Resonant
frequency
f n %
‘tanS Relative bend 
■ ind modulus
^ V ® ' b 20
146 574 0.0125 0.785
133 585 c,01025 0,81
120 595 0.0085 0,84
106.5 605.2 0,00975 0,87
92 612 0.0105 0.89
78 620 0,0095 0.915
64 627 0.00925 0.94
50 635 0.00925 0.955
35 640 0.0105 0.975
1 20 648 0.01225 1
1 6 660 0.01225 1.05
"6 673.7 0.01 106
—18 681 0,009 1.1
"30 690 0,01 1.125
"42 697.5 0,01275 1,16
-54 >5 706 0.01575 1.18
Fibre dimensions g Length = 0,528 cm
Mas s/uni t 1 ength = 4*06 cm.
Density = 1*553 gm/cm^
ê 'e * = 78.89. 10^^ dynes/cm^.
TABLE IV C.
R.AMIEg Dynamic bending properties and Temperature.
126,
Temperature Resonant
frequency
f pO/s.
itan# Relative bend­
ing modulus
146 338 n.019 0.89
133 342.5 0,01425 0.91
120 546.4 0,0105 0.935
106,5 348.65 0.01 0,95
92 350.7 0,00925 0.96
78 352.65 0,0085 0,97
64 354.3 0,00825 0,98
50 355.5 0,008 0.985
35 356.75 0,00825 0,99
20 358.25 0,00925 1
6 360.25 0.009 1,01
"6 561.5 0.008 1,015
-18 365.75 0,00775 1.03
"30 366 0.0085 1.04
"42 371 0.011 1.07
"54.5 376 0.014 1,1
Fibre dimensionss length = 0,622 cm, 
Density = 1,553 gm/cm/
Mass/Unit length = 4*56 jug/on.
e'E' = 25,75. 10^° dyties/cW.b20
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TABLE IV D,
Ranies Dynamic bending properties and Temperature
Mean values.
Temperature tanS Relative bending 
Modulus
E’V e -^ 20
146 0.017 . 0.85
140 0.0145 0.86
150 0.0118 0,88
120 0.01C5 0.9
110 0.0105 0.91
105 0.0115 O.9I8
100 0.011 0.922
90 0.01 0.935
80 0.0095 0.94
70 0.009 0.96
60 0.0085 ' 0.97
50 0.0088 0,975
40 0.009 0.98
50 0.01 0.99
20 0.011 1
10 0.01 1.01
0 0.009 1.02
-10 0.0085 1.03
-20 0.0085 1.045
-30 0.009 1;06
"40 0.011 1.08
-34 0.015 1.11
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TABLE V A,
FORTISM:' Dynaniic bending properties and Temperature
Fibre 1,
^em|)erature Resonant
frequency
t  °A-
tan® Relative bend­
ing modulus
E'VE't,20
146 276.5 0.0295 0.724
133 283.5 0.0255 0.778
120 290 0.021 0.836
106.5 294.5 0.0163 0.84
92 298 0.016 0.86
78 304 0.012 0.894
64 309 0.00975 0.924
50 311.5 0.00875 0.939
55 315.5 0.01 0.963
20 521.5 0.015 1
6 325.5 0.0133 1.025
-6 329 0.013 1.047
-18 332.5 O.CI375 1.07
-50 336 0.016 1.09
-42 540 0.019 1.12
-54.5 344 0.022 1.145
Fibre dimensions?
Length ^ 0.49 cm.
Mass/unit length - 1.11 ug/om 
Density - 1.52 gm/om^
JO
b20
49*82 10 dynes/cm"
129.
TABLE V B.
E0RTI8AN: Dynamic bending properties and Temperature.
Fibre 2.
Temperature
.
Resonant
frequency
f c/s,
0
■ tan 6 Relative bend 
ing modulus
E'VEy^o
146 234 0.031 0.745
153 240.5 0.026 0.79
120 246.5 0.02 0.83
106.5 252 0.0163 0.865
92 256 O.OI65 0.89
78 260 0.0133 0.92
64 263.5 0.0105 0.945
50 266.5 0.009 0.97
35 268.5 0.0093 0.98
20 271 0.017 1
6 273.5 0,0155 1.02
-6 2-5.5 G.0153 1.035
-10 278 0.01675 1.055
-30 280.5 0,019 1.075
—42 283 0.022 1.09
"54.5 285 0.025 1.1
Fibre dimensions?
Length = O.524 cm.
Mass/unit length - 1,1 jug/cm 
Density = 1.52 gïïi/cm^  
e ’ E'b20 46.28, 10^^ dynes/cm/
139.
TABLE V C.
PORTISABs Dynamic bending properties and Temperature,
Fibre 3.
Temperature
C
Resonant
frequency
f c/s.
0 '
tan S Relative bend­
ing modulus
E'b/E'^20
146 290 0,033 0.745
133 295 0.027 0.775
120 304.5 0,021 0.83
106.5 309 0.0165 0.85
92 313 0.015 0.87
78 319.5 0.0123 0.91
64 325 0.0083 0.94
50 329 0.0075 0.97
35 332 0.0083 0.98
20 335 0.01075 1
6 338 0.0083 1.02
-6 3'i-l 0,008 1,04
-18 343 0.01 1.05
-30 345 0.012 1.06
-42 348 0.015 1.08
"54.5 351 0,02 1.1
Fibre dimensions?
Length - 0.5 cm.
Mass/unit length = 1,1 jUg/cm. 
Density = 1,52 gin/cm'^
<c 'E' 58,64 lo^^ dynes/cm'b20
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TABLE V B,
PORTIS/iRs Dynamic bending properties and Temperature. 
Mean values.
Temn erature
"c
tan 5 Relative bend­
ing Modulus
E'VsygO
146 0.0305 0.733
140 0.028 0.765
130 0.0235 0.8
120 0.02 0.82
114 0.0175 0.83
107 0.015 0.85
100 0.014 0.86
92 0.015 0,88
80 0.0125 0.91
70 0.01 0.93
60 0.0085 0.95
50 0.008 0.965
40 0.0085 0.98
30 0.0105 0.99
20 0.013 1
10 0.011 1.01
0 0.01 1.03
-10 0.01 1.045
-20 0.011 1.06
"30 0.014 1.08
"40 0.017 1.1
-50 0.02 1.12
"54.5 0.0215 1.13
G'E' 51.56,10^^ dynes/cm'b20
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TABLE VI A.
VISCOSE? Dynanio bending properties and Temperature,
Fibre 1.
Temperature
- "c
Resonant
frequency
f c/s. 
... 0
tan S Relative bend 
-ihg modulus 
/E't2o
192 324 0.0468 0.65
185 327 0.0425 0.66
172 329 0.0357 0.67
159*5 3"^4 0.0315 0.07
147 339 0.0285 0.72
140 346.7 0.0245 0.732
133 351.7 0.022 0.76
120 361.25 0.0175 O.8O5
106.5 367.5 0.014 0.83
92 375.4 0.011 0.87
76 381.5 0.009 0.9
70.5 385.5 0.0085 0.91
64 387.3 0.0083 0.925
56.5 388.8 0.0086 0.935
50 391 0.0075 0.942
35 396.75 0.008 0.97
27.5 400.5 0.0085 0.99
20 403 0.009 1
6 406.5 .0104 1.02
-6 410.75 0.013 1.04
-18 415 0.0175 1.06
-50 419.5 0,0225 1.08
"42 425 0.0275 1.111
"54.5 433.5 0.033 1.16
-67 440.7 0.059 1.2
Fibre dimensions:
Length = 0.474 cm.
Mass/Unit length = 6.66 /ig/cm. 
Density = 1.51 gm/cm.'^
e E' 8.96 10/^ dynes/cm'b20
133-
table VI B.
VISCOSE? Dynamic bending properties and Temperature.
Fibre 2.
Temperature
Or,
Resonant
frequency
f c/s,
0
tan 6 Relative bend­
ing Modulus
e 'V e R so
185 302 0.046 0.66
172 306 0.0417 0.67
159.5 51a 0.0358 : 0.685
147 316.5 0.0318 0.712
140 323 0.025 0.75
133 326.5 0.022 0.76
120 335 0,018 0.8
106.5 341.8 0,0145 0.83
92 347.5 0,0115 0.86
78 555 0.0095 0.89
70.5 355.8 0.009 0.9
64 358.2 0.0088 0.915
56.5 359.5 0.009 0.92
50 363.2 0.0075 0.94
35 368 0,008 0.965
27.5 370.35 0.0085 0.985
20 374.4 0.009 1
6 377.5 0.01 ■ 1.02
-6 382.6 0.0125 1.042
-18 386 O.OI65 1,06
-30 390.25 0.021 1,084
—42 395.5 0.026 1.111
-54.5 402 0.031 1.15
-67 409.5 0.037 1,2
libre dimensions:
Length = 0.5 cm.
Mass/Unit length = 6,66 ptg/om. 
Density I.5I gm/cm^ 
e ’ E'b20 9,55 10^^ dynes/cm^
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TABLE VI G
VISCOSE? Dynamic bending properties and Temperature. 
Mean values.
Temperature tan 6 Relative bend­
ing Modulus
190 0.0465 0.65
180 0.0425 0.67
170 0.0375 0.685
165 0.0345 0.69
157 0.0525 0.71
147 0.05 0.73
140 0.025 0.75
130 0.0215 0.775
120 0.018 0.8
110 0.0155 0.82
100 0.013 0.84
90 0.0115 0.86
80 0.01 0.89
70 0.009 0.91
64 0.0085 0,925
56 0.009 0.94
50 0.0075 0.95
40 0.008 0.97
30 0.008 0.98
20 0.009 1
10 0.0095 1.01
0 0.0115 1.03
-10 0.014 1.05
-20 0.0175 1.07
-30 0,0215 1.09
-40 0.0255 1,11
-50 0.03 1,145
-60 0.035 1.18
= 9.255. 10^^ dynes/cmb20
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Acetate 1
Fibre 1
TABLE VII A
Dynamic bending’ properties and Temperature,
Temperature.
C
Resonant
frequency
f c/s 
0
tanS Relative bend­
ing modulus
E-b/E-^20
172 226 0.05 0.62
159.5 234 0.0442 0.663
146 241.5 0.0376 0.701
133 218.5 0.0325 0.755
120 253.75 0.0298 0.78
106.5 259.5 0.027 0.81
92 265 0.025 0.85
78 270 J.O244 0.885
64 274.5 01252 0.915
50 279.3 0.0266 0.945
42 280 0.0275 0.95
35 284 0.0282 0.98
27.5 235.5 0.028 0.99
20 287.5 0.0279 1
6 293.5 0.0288 1.04
-6 300 0.0296 1.09
-18 301.5 U.<304 1.1
-30 306.5 0.0306 1,14
-42 310.5 0.0316 1.165
-48.5 312.5 0.032 1.18
-54.5 314.5 0.0326 1.2
-67 318.5 O.O3O8 1.23
Fibre dimensions;
Length = 0.521 cm,
Mass/Unit length = 6.115 pg/cm, 
Density = 1.33 gm/cm-^
e^E b20 7.2 1 0 ^°  èynes/c ïïi^ ,
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TABLE VII B
ACETATE : Dynamic bending properties and Temperature.
Fibre 2.
Temperature Resonant 
frequency 
f c/s.
tanô
Relative bend­
ing modulus
172 177.5 0.0558 0.525
159.5 188. 5 0,0526 0.59
146 197 0.047 0.648
133 204 0.0393 0.69
120 2C9 0,0346 0.73
136.5 214 O.O3O8 0,765
92 220 0,0278 r,81
78 226 0,025 0.85
64 231 0.026 0.89
50 235.5 0.0296 C.92
; 42 239 0,0318 0.95
: 35 242.5 0.035 0,98
27.5 243.5 0,0328 0.99
20 245. 0,0306 1
6 249 0.032 1.03
-6 254.5 0,0336 1.08
i -18 256 0.034 1.09
: -30 259,5 0.0346 1.12
"42 264,5 0.0266 1.165
"48.5 267 0.0375 1.19
-54.5 269.5 0.0384 1,21
-67 275.5 0,036 1.26
Fibre dimensions i
Length « O.565 om,
Mass/Unit length = 6,15 Mo/cm 
Density =1, ,33 ‘J'-/om^
£'E' = 7,1 10^° dynes/oa
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TABIiE VII C
ACETATE : Dynamic bending properties and Temperature
Temperature
"c
Resonant 
frequency 
fo c/s.
tan 45 Relative bend­
ing modulus
172 224.5 0.0536 0.58
159.5 235 0.048 0.645
146 244.5 0.04 0,7
133 252 0.03I8 0.74
120 253.5 0.05 0,78
106.5 265 0.029 0.82
92 268.5 0.0278 0.84
78 273 0,0274 0.86
64 278.5 0.0285 0.905
50 282.5 0.0514 0.932
42 284,5 0.0538 0.94
35 287,5 0.055 0.97
27.5 289.4 0.0528 0.98
20 292.5 0.0506 1
6 296.75 0.051 0.03
-6 305 0.052 1.078
-18 307.5 0.0524 1.1
-30 33 2.5 0.0526 1.12
-42 316 0.0333 1.18
-48.5 320.5 0.054 1.2
"54.5 323 01544 1.22
-67 326.5 0.0514 1.24
Fibre dimensions?
Length = 0*525 cm, Mass/Unit length = 6.I5 Aig/cm# 
Density =1!. $5 g/om^
7.5 10^^ dynes/cm'b20
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TABLE V I I  B.
ACETATE? Dynamic Le nd ing  p ro p e r t ie s  and Tem peratu re .
Mean v a lu e s .
Temperature
*°C
tanS Relative Lend­
ing modulus
172 0.0525 0.575
160 0.047 0.625
150 0.0425 0.665
140 0.0385 0.7
130 0.035 0.73
120 0.0315 0.76
110 0.029 0.79
100 0,027 0.82
90 0.0256 0.84
80 0.025 0.865
70 0.0256 0.89
60 0.027 0.915
50 0.0285 0.94
40 0.0305 0.96
55 0.032 0.97
25 0.03 0.99
20 0.0295 1
10 0.0295 1.025
0 0.0305 1.05
-10 0.0315 1.075
-20 0.032 1.1
-30 0.032 1.125
—40 0.051 1.155
-50 0.034 1.19
—60 0.034 1.225
<k »E'L20 7,3, 10^^ dynes/cm'
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TABLE VIII A
'■TRICEL? DynaiTiic Lending properties and Temperature,
Fibre 1,
Temp mature 
°0
Resonant
frequency
f o/s 
0
tan S Relative bond­
ing modulus
E'b/Eq^o
166 134 0.0615 0.63
159.5 136 0,059 U.65
155 138,3 0,056 0.675
146 1/1 01515 0.7
110 143 0.044 0.72
133 145.8 0.0415 0. /5
126 147.5 0.04 0.767
120 149.5 0,036 0.787
114 151 0.032 0.804
106.5 152.5 0.031 0.82
92 155.5 0.031 0.85
85^ 156.7 0.031 0.865
73 " 158. 0.03 0.88
70.5 159 0.0285 0.89
64 160.5 0,027 0.91
57 161.5 0.0265 0.92
50 162.5 0.O28 0.93
35 165,5 0.03 0.963
27.5 166,5 0.031 0.977
20 168,5 0.0325 1
6 170.3 0.035 1.021
-6 172.3 0.035 1.041
-18 174.3 0.054 1.07
-32 177 0.032 1.1
—42 180 0.0325 1.14
-54.5 181,2 0.036 1.16
-67 183. 0.033 1.18
Fibre dimensions!
Length = 0,475 cm.
Mass/b'nit length = 2.04 Mg/cm.
g/cmDensity = 1.30 
e *E>b20 4.832. 10^^ dyn/cm^.
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TRICEL s 
Fibre 2
TABLE VIII B.
Dynamic bending properties and Temperature,
Fibre dimensions;
Length = O.507 cm.
Mass/unit length = 2.04 Mg/cm
Density = 1.30 gm/om^
e.»B> b20 6.9 10
10
Temperature
" °o
Resonant
frequency
f c/s,0 '
tan 6 Relative bend­
ing Modusus
E ' V e '^20
166 133 0.061 0.565
159.5 135 0.0585 0.625
153 137.5 0.055 0.637
146 141 0.051 0.667
140 144 0.0425 0.69
153 147,8 0.041 0.725
126 150 0,039 0.745
120 152.5 0.035 0.765
114 154.5 0.031 0.782
106.5 156.5 0.0305 0.802
92 160 0.0305 0.835
85 161.5 0.03 0,847
78 163 0,029 0.865
70.5 164.8 0.0275' : 0.88
64 166 0.0265 0.895
57 168 0.026 0.91
50 169.5 0.027 0.925
35 170.5 0.0295 0.046
27.5 174.5 0.031 0.973
20 177 C.032 1
6 181 0.035 1.021
-6 183.5 0.036 1.041
-IS I85.8 0.033 1.072
-30 185.8 0.03 1.1
-42 188.2 0.0315 1.135
"54.5 190.7 0.034 1.16
—67 193 0.031 1.18
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TABLE VIII C.
TRICEL: Dynamic bending properties and Temperature,
Mean Values.
Temperature
°c
tan S Relative bend­
ing Modulus
166 0.0615 0.59
160 0.059 0.62
153 0,0555 0.64
146 0,051 0.67
140 0.0455 0.69
130 0.0405 0.73
120 0.0355 1 0.76
110 0.0305 0.79
100 0.03 0,82
90 0.03 0.84
80 0.03 0.86
70 0.028 0.89
60 0.0265 0.9
50 0.0275 0.93
40 0.029 U.945
30 0.0305 0.97
20 0.0525 1
10 0.034 1.02
0 0.036 1.04
-10 0.035 1.06
-20 0.033 1.08
-30 0.0515 1.1
-40 0.0515 1.13
-50 0.034 1.15
0.035 1.16
-67 0.032 1,18
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Table IX A.
ACRILAIT 16s Dynamic bending properties and Temperature. 
Normal Fibre.
Temperature Resonant 
frequency 
f o/s.
0
tan 6 Relative bend­
ing Modulus
E'V e T so
151.5 60.5 0.485 0.0475
129.5 67 0,51 0.058
110 137.5 0.312 0.245
106.5 154 0.26 0.308
105 172.5 0.24 0.385
102 171.5 0.198 0.38
98 184.5 0.168 0.44
95.5 190.5 0.165 0.47
95.5 195.5 0.148 : 0.495
89.5 206 0.136 : 0.55
87 211 0.132 0.578
84 216 0.12 0.605
80.5 222 : 0.117 0.638
76 229.5 0.1 0.68
73 234.5  ^ 0.098 0.712
68 240.5 0.094 0.75
63.5 246 0.0895 0.782
57 255 0.075 0.83
51 256.8 0.072 0.055
44-5 263 0.0685 C.895
40 266.5 0.062 0.92
33 271.1 0.0555 0.945
27.5 274.2 0.052 0.975
20 278 0.045 1
8 284 0.0352 1.04
-5 289 0.0277 1,08
"13 292.1 0.0238 1.1
"25.5 296.25 0.0185 1.14
-37 298.8 0.0154 1.16
-.48 300.9 0.0118 1.17
-60 302.5 0.0112 1.18
Fibre Dimensions?
Length = 0,702 cm: Mass/lTnit length 8.9 Ml/cm.
Density = 1.1845 giji/cc. _
6'E' 20 ” 11-9 10 dynes/cm
143.
TABLE IX Be
ACRILM 16s Dynairac bending properties and Temperature,
Heat Set at 130^ for 1 hour under IC^ extension.
Temperature Resonant
frequency
f o/s.
0 '
tan S Relative bend 
-ing Modulus
E'V e '^20
110 77 0.39 0.152
107.5 83 0.362 0.177
104 98.5 0.289 0.25
101 105.5 0.252 0.265
96 121 0.19 0.375
92 150 0.1615 0.43
87 142 0.141 0.52
82 150 0.1265 0.575
76 158 0.114 0.64
71 164 0.0975 0.69
63.5 172 0.09 0.755
55 177.8 0.86 0.81
49 181.8 0.077 0.85
42 186.7 0.07 0.89
35 190.5 0.063 0.93
26.5 195 0.055 0.975
20 197.4 0,05 :
17.5 198.4 0.044 1.01
5.5 202 0.04 1.03
-4 206,3 0.028 1,09
-19,5 209 0.024 1.12
-29.5 211 0.0208 1.14
-42 213 0.0141 1.16
"54.5 214.75 0.0117 1.18
-63 216 0.0925 1.2' " . . ».
Fibre dimensions:
Length = 0*725 cm? Llass/Unit length = 6.25 Mg/om. 
Density = 1.187 gni/cc.
e ’E’ 9.74. 10^° dynes/cm^.t20
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TABLE IX C
ACRILAM 16ï Dynamic bending properties and Temperature,
Set in boiling mater at lOO^C for 1 hour under lOfo extension
Temperature Resonant
frequency
f c/s 0 '
tan S Relative bending 
Modulus
®'V®'b20.
110 87.5 0.345 0.226
103.25 95 0.28 0.255
100 108.5 0.195 0.35
95 124.5 0.1465 0.466
88 155.8 0.1265 0.545
82.5 142.5 0.105 0.6
78,5 148 0.0965 0.648
75 151 0.093 0.672
69 156.5 0.083 0,722
60 162.6 0.079 0.78
55 166,4 0.077 0.82
52.5 167.65 : 0.0762 0.84
50 169.7 0.0765 0.85
44.5 175.5 0.0658 0.89
55 177.75 0.059 0.93
28 181.7 0.055 0.975
20 184 0.047 1
6.5 183,2 0.037 1.045
-5 191.4 0,0324 ? .08
-20.5 194.8 0,0257 1.12
-29.5 196.7 0.0203 1.14
-45 198.9 0.014 1.16
-54 200.4 0.011 1.19
-63.5 201.7 0.01 1.2
Fibre dimensions. 
Length = 0.8 cm. Mass/unit length = 9,16 jug/cm.
Density 1,186
~ 8,36, 10^^ dynes/cm^.b20
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TABLE IX D.
ORLON: Dynamic bonding properties and Temperature.
Temperature Resonant
frequency
f ; c/s,
0
't a n  s Relative bend­
ing Modulus
E'b/Eq^O
124 84 0.214 0.0915
122.5 86.5 0.235 0.095
120.5 90.5 0.25 0.103
118. 5 95 0.274 0.107
116.5 100.5 0.23 0.133
112 111 0.306 0.175
108 126 0.286 0.182
106 132 0.266 0,226
102 153 0.235 0.305
98 165 0.194 0.355
93 183 0.186 0,435
91 193 0.166 0.485
87 199 0.161 0.512
79.5 213.5 0.136 0.59
74.5 221 0.12 0.635
70.5 228 0.11 0.675
65.6 234.5 0.115 0.715
63 238.2 0,11 0.74
60 242,3 0.1 0.765
50 253 0.086 0.83
42.5 261 0.0766 0.885
37 265 0.066 0,91
29 272 0.0595 0.96
20 277.5 0.053 1
10 283 0.046 1,03
0 207 0,042 1.06
-10 291 0.04 1.09
-20 294 0.036 1.12
-30 296 0.03 1,14
—40 299 0.025 1.16
-50 301 0.022 1.175
-60 502.5 0.02 1.185
Fibre dimensions?
Length = 0.535 cm? Mass/unit length = 2.8 ptg/cm.
Density = 1.17 gm/cm^
Resonant frequency at 20 C = 277*5 and 371 cps.
6' E' 12.4.10 and 22,16 l c / °  dynes /120 cm
146.
POLYPROPYLENE As 
Fibre 1,
TABLE X Ao
Dynamic bending properties end Temperature.
Temperature Resonant
frequency
f c/s.
0
tan G Relative bend­
ing Modulus
®'V^'b20
126.5 137.2 0.094 0.24
120 143 0.086 0,26
106.5 152 0.071 0.295
92 162 0.058 0.335
78 172.5 0.049 0.38
70.5 179 0.048 0.41
64 187*5 0.05 0.45
57 194 0,053 0.48
50 198 0.059 0.52
42 213 : C.C71 0.58
55 227,5 : 0,1 0.66
27.5 250 0.11 0.8
20 280 0.131 1
18 285*5 0.134 1.04
13.5 303 0.128 1.17
6 326 0.1 1.36
0 365 0.07 1.56
-6 366 0.05 1.7
-18 383 0.04 1.87
—24 590 0.037 1*94
"37.5 599 0.036 2,04
Fibre dimensions:
Length = O.5O3 cm:
=> 0.92 g/oïï?
Mass/Unit length = 3-4 Mg/cm.
Density 
&'E'b20 3.989.10^° dynes/om^.
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TABLE X B
POLYPROPYLENE As Bynanio bending properties and Temperature
Fibre 2.
Temperature
°C
Resonant
frequency
f c/s.
0
tan® Relative bend­
ing Modulus
E 'Ve '^ 20
126.5 157 0,094 0.24
120 145 0.086 0.26
110 148 0.075 0,28
106.5 151 0.0715 0.29
92 165.5 0.059 0.34
78 175 0.05 0.38
70,5 177 0.0485 0.4
64 181.5 0.05 0.42
57 107.8 0.055 0.45
50 198 ; 0.0575 0.5
42 218.8 0.068 0.56
55 257.5 0.095 0.64
27.5 247-5 0.11 0.78
20 280 0,1305 1
18 288 0.134 1.06
15.5 509,5 0,128 1.18
6 522 0.095 1.36
0 548 0.07 1*54
-6 565 0,0525 1.7
-18 575 0.041 1.87
"24 590 0.038 1.94
"57.5 400 0.0365 2.06
Fibre dimensionss Length = 0,5 cm: 
Density = 0.92 g/or.i^
6 >EP
Mass/unit length = 5*4 JlAg/cm,
b20 = 5.9.10^^ dynes/cm^,
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TABLE X C
rOLYPROPYLENE Bs Dynamic Lending properties and Temperature
Fibre 1 *
Temperature
0
0
Resonant 
frequency 
f^ c/s.
tan® Relative bend­
ing Modulus 
E'b/E'^^^
120 154 0.086 0,2
114 160 0.078 0,21
106.5 165.6 0.072 0.25
99 176 0.065 0.26
90 185.5 0.058 0.29
75 212 0.05 0.545
70.5 216,8 0.048 0.595
60 254.5 0.05 0.46
45 266 0,064 0.595
42 272 0.07 0.62
59.5 284 0.074 0.68
55 292 0.09 0.72
27.5 514 0.11 0.85
20 545 0.15 1
15.5 595 0.15 1.5
6 452.5 0.096 1.57
-6 469.5 0.052 1.85
-12 478 0.044 1.95
-22 491 0.058 2.05
-28 505 0.056 214
-55 505 0.054 2.15
Fibre dimens 
Density = 0
e'E' L20
ions: Length = 0.545
.915 g./cn/
= 4*954*10“^ dynes/cm/.
cm: Mass/unit length = 5-6 )Ag/cm.
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TABLE
POLYPROPYLENE B: Bjrrianic 'bending
Fibre 2„
X D.
properties and Temperature
Temperature
"c
Resonant
frequency
f c/s.
0
t an 6 Relative bend­
ing Modulus
®'V®'b20
120 198 0.086 0.22
114 207 0.078 0.24
101 215 0.066 0.26
92 227 0.058 0.29
78 261.5 0.052 0.58
66 278 0.05 0.455
60 286 C.C5 0.46
49 507.5 0.06 0.55
45 519.5 0,064 0.57
59.5 556.5 0.074 0.657
55 557 0.09 0.72
29 579 0.106 0,805
24.5 400 0.12 0.9
20 422 0.152 1
10 490 0.116 1.54
-6 5'f6.5 0,086 1.87
-16 595.5 0.04 2
-2i 615 0.056 2.1
-50 620 0.05 ! 2.15
-56 625 0.054 2.18
Fibre dimensions? Length = 0.47 
Density = 0.915 
eigt
cm: Mass/unit length = 6jUg/cm,
b20 4*9' 10^^ dynes/cm^,
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TABLE X E
POLYPROPYLENE A AND B; Dynamic bending properties and Temperature.
Mean values.
Temperature t a n S Relative bend 
E ’ b / E'
A
ing Modulus 
b20.
B
126.5 ! 0.094 0.24 0.21
120 0.086 0.26 0.22
110 0.075 0.28 C.25
100 0.066 0.5 0.26
90 0.058 0.55 0.5
80 0.052 0.56 0*55
70 : 0.048 0./ 0.58
60 0.05 0.45 0.45
50 : 0.058 0.52 0.55
40 0.074 0.62 0.64
50 0.105 0.78 0,78
20 0.15 1 1
10 0.116 1.26 1.54
0 0.07 1*55 1.66
-10 0.045 1.75 1.85
-20 0.058 1.87 1.96
"50 0.052 Ï .9 6 2.1
-57.5 0.0555 2.05 2.2
®'b20®
= 3.94* 10^^ dynes/cia .
10 2
= 4*9. 10 dynes/cm .
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TABLE
POLYPROPYLENE Cs Dynanic bending
X P.
properties and Temperature
Temperature
°0
Resonant
frequency
f c/s 
0
'tan® Relative bend­
ing Modulus
85 46 0.11 0.22
76.5 52 0.094 0.28
72 57 0.086 0.52
66,5 59.2 0.08 0.56
61 62,7 0.076 0.4
50 67.2 0.06 0.47
, 42.5 76.5 0.068 0.6
55 80.2 0.09 0.67
27.5 91 0.12 0,86
25 97 0.12 0.98
20 98 0.11 1
17.5 100 0.1 1.04
16 109.25 0.092 1.25
6 118.5 0.064 1.46
1 125 0.056 1.57
-6 152 0.047 1.74
-12.5 154.5 0.042 1.88
-18 156 0.059 1.92
-24 158 0,058 1.98
Fibre dimensions Length = 2,05 
Density = 0,905 g,/cr;/.
Mass/unit length = 77*8 Ml/cm.
b20 = 5*48.10^^ dynes/cn^,
152.
TABLE XI A.
NYLON 66g Dynamic bending properties and Température.
Type 200.
Temperature Resonant 'tan  6  » Relative bend­
°G frequency
f c/s.0 '
ing modulus.
E 'b /E -^2 0 .
150 155 0.C608 0.288
145.5 159.55 0.0695 0.506
159.5 145.85 0.0735 0.525
155 148 0.084 0.545
150 155.7 0.091 0.574
126 156.8 0.0975 0.586
122 160.9 0.1 O.4O8
0,46116 171 0.095
111 179.4 0.085 O.5O8
105 186.2 0.0795 0.548
95.5 201.6 0.0595 0.64
88 215.1 0.0556 0.715
81 221.5 0.0255 0.775
76 225 0.0195 0.8
70 250 0.0156 0.855
65.5 255.5 0.0128 0,86
55 257.6 0.0101 0.89
46.5 241.1 0. J09 0.92
58,5 244 0.009 0.94
50 246.9 0.009 0.96
25 247.7 0.009 0.99
20 252 0.009 1
6 258.6 0.009 1.05
-6 262 0.0108 1.06
-18 266 0.012 1.09
-50 269 0,0141 1.12
—42 272 0.0165 1.14
-54 .5 276 0.02 1.17
-67 279 0.025 1.2
Fibre dimensions g
Length = O.563 ciji, Mass/unit length = 7 vMg/cm.
Density = I.I4 g./om/.
JO , / 26'E' b20 = 4.85* 10 dynes/cm .
155.
moivy 66 s
Type $00.
TABLE XI B.
Dynamic bending properties and temperature.
Temperature Resonant
frequency
f, o/s,
0
tang Relative bend­
ing Modulus
E'VEqao
155 156 O.C64 0.528
147 161.8 0.074 0.554
140.5 166.2 0.084 0.58
155.5 174.5 0.092 C.4I
150.5 176.5 0.0965 0.42
127 180.9 0.098 0.44
124.5 186.7 0.0975 0.47
121 188.7 0.097 0.48
118 192.5 0.095 0.5
113 201.95 0.088 0.55
110.5 204.4 0.085 0.565
104 212.95 O.O695 0.612
98.5 220 0.0455 0.65
94 225.9 O.O4O6 0.69
89.5 251.6 0.052 0.72
82 240,6 0.0208 0.785
76 244.55 0.0176 0.81
69 249.85 0.0148 0.84
62.5 255.5 0.0142 0.862
55 257.1 0.012 n.895
45.5 261.7 0.01 0.925
58.5 264.75 0.009 0.95
28 269.5 0.0095 0.98
20 275.4 0.0095 1
6 279.5 0.0097 1.05
“5 285.4 0.0113 1.06
-25 289.25 0.0121 1.1
-54 294 0.015 1.14
-48 296.1 0.0178 1.16
-54 299 0,02 1.18
-65.5 505 ' 0.025 1.25
Eibre dimensionss Length = 0,$6 cmi 
Density = 1.14 g,/cm .
e'E'
Mass/unit length = J J4g/cm.
h20
" 6.1.10^^ dynes/cm^,
154-
table XI G.
MLOB 66s Dynamic bend ing  p ro p e r t ie s  and Tem peratu re .
Type 600.
Temperature Resonant 
frequency 
fg o/s.
tan 6 Relative bend­
ing Modulus
155.5 157 0.08 0.29
149.5 159.6 0.086 0.5
146 144 0.092 0.32
140 147.5 0.098 0.535
135 155.25 0,101 0.36
131.5 156.4 Ü.102 0.576
127 161,25 0.107 0.4
124 165.7 0.107 0.42
117.5 174 0.104 0.465
111 I84.6 0.098 0.52
104.5 196 0.089 0.59
100 201.5 0.0785 0.625
94 211.9 0.0615 0.69
90 214.9 0.0512 0.71
85 222.7 0.031 0.765
80.5 227.2 0.022 0.795
75 250.5 0.019 0.82
69 235.2 0.0156 0.85
63.5 238 0,0116 0.87
5Ï 242.8 0.0102 0.91
45 247 0.00975 0.94
56 249 0.00965 0.955
30 251.8 0.0095 0.975
20 255 0.009 1
6 259 0.0085 1.03
-5 262.4 0.00875 1.06
-18 266,4 0.0124 1.095
-28 269.5 0.0134 1.11
-40 273.2 0.0146 1.15
-48.5 275 0.017 1.16
-63.5 281.7 0.0254 1.22
Fibre dimensionss
Length = 0.6 cm s Mass/unit length
3
6 .68  jUg/cm.
Density = 1.14 cm 
G'E' b20 6 .6 ,  10^^ dynes/cm ^.
155.
NYLON 66g
Type A,
TABLE X I I  A,
ByrLar.;iio bend ing  p ro p e r t ie s  and Tem perature
Temperature
-0
Resonant
frequency
f c/s.
0
tanS Relative bend­
ing Modulus
® ' V E q 2o
160.5 151.4 0.064 0.27
155 155.2 0.071 0.285
151 158.4 0.0782 0.296
14^ 161.3 0.0868 O.3O8
141.5 l6b, 5 0.096 0.326
136.5 172.8 0.103 0,35
135 177.8 0,107 0.574
129 182.25 0.106 : 0.4
127.5 187.2 0.101 0.415
122 195.5 0.092 0.45
117.5 205 0.078 0.496
114.5 208 0,074 0.51
1.10 218 0.064 0.56
106 224 0.055 0.592
102 231.3 0.0434 0.63
98 238 0.0382 0.67
90 248 0.027 0.75
83.5 254 0.0252 0.76
80 257.85 0.C2 0.785
74 262.4 0.0152 0.812
69 265.5 0.014 0.83
58 272.6 0.0106 0,86
47 277.65 0.009 0.91
5" 282.2 0.0085 0.94
26.5 286.9 0.0084 0.975
20 290.9 0.00825 1
Fibre dimensions g
Length = 0.55 cm: Mass/unit length = 5*^ 4 Ng/cm.
Density = 1.15 gm/cm^, fo at 20 C^ = 298 and 29I ops. 
e IE'b20 = 6.406. 10^^ and 6.144» 10^^ d yn e s /o n ^ .
156.
NYLON 66
Type B.
TABLE X I I  B.
Dynamic bend ing  p ro p e r t ie s  and Tem pera tu re .
Temperature Resonant
frequency
f o/s.
..-.. C.... . - - .
tan 5 Relative bend­
ing Modulus
E'b/E-^20
151 157.6 0,078 ' 0.272
146 : 164.2 0.0854 0.292
143.5 166.5 0.0915 0.304
140.5 169 0.095 0.314
135.5 175 0.103 0,335
132 180.85 0.108 0.358
126.5 189.5 0.114 0.394
121.5 199.3 0.1135 0.435
117 205 0.107 0.46
112 217 0.092 0,508
108 224 0.0855 0.55
104 2%3 0.075 0.595
100 240.4 0,0655 0.636
94 249 0.05 0.68
88 259.5 0.038 0.735
80 267 0,0225 0,782
75 271.7 0.019 0.808
68 276 0.01485 0.835
63.5 231.5 O.CI24 0.85
54 286 0.0105 0.89
44 291 0.01 *,93
34 295.2 0.0095 0.955
27 297.5 0.0099 0.97
22 299.8 0.00935 0.98
... 2 0 .......... 302 0.0095 1
Fibre dimensions:
Length = 0.535 cm: Mass/Unit length = 6.8 jug/cm.
Density = 1.43 gm/cm^
f at 20 G 
0
6'E
314 arid 302 ops. 
JO6.233.10^ ^  and 5, 760. 10^ °  dynes/cm"^.620
157.
TABLE X I I  C.
NYLON 66: Dynamic Lend in g  p ro p e r t ie s  and Tem peratu re .
Type C.
Temperature
■’ ""c
Resonant
frequency
f c/s.
0
tan 6 Relative bend­
ing Modulus
E-b/Eq^ O
153 135.8 0.081 0.266
140 138.6 0.0886 0.277
141.5 145.7 0.097 0,305
154 153 0.1145 0.339
128 160.7 0.121 0.372
123.5 169.8 0.118 0.414
120 174.8 0.113 0.442
115 184.1 0.104 0.492
109 195.3 0.092 0.552
105 201.5 0,0845 0.586
96.5 213.5 0.061 0.658
91 222,4 0.05 0.72
85.5 228 0.0377 0.754
80 252.15 0.025 0.78
74 236.3 0.021 0.808
61 244 0.0131 0.862
52 248.1 0.0113 0.896
42 252,6 0,0095 0,925
34 255.5 0.00862 0.945
26.5 258.4 0.0085 0.965
20 263 0.008 1
17 264.2 0.0076 1,01
9.5 267 0.0075 1.03
0 270 0.0085 1.055
-10.5 273.25 0,0095 1,08
-21 275.8 0.0117 1.1
-30 278.3 0.0129 1.12
-40 281.5 0.01425 1.14
"49 285.5 0.0196 1.18
-60 291,85 0,0254 1,23
Fibre dimensions: Length = 0,575 cm:
Density = 1.142 gm/cc.
271 and 265 cps.
Mass/unit length = 6.8 jug/crn.
f at 20°C 
0
6'FF b29 6,194.10^® and 5,834.10^ '^ d yn e s / cm
158.
TABLE XII D
NYLON 66s  Dynaîiiic bend ing  p ro p e r t ie s  and Tem peratu re ,
Type B Il^
Temperature Resonant 
frequency 
f o/s,n •
tan 5 Relative bend­
ing Modulus
E 'V E g s o
149 150.2 0.096 0.254
146 131.2 0.099 C.257
14^ 135.5 0.105 0.274
157.5 140.4 i 0.11 0.294
154 144.5  ^ C.II5 C.3O8
150 150 0.12 0.335
125 156 0.125 0.563
120 163.5 0.116 0.4
114 174 0.102 0.452
106 190 0.085 0.54
98 205.7 1 0.061 0.63
94 211 C.O475 0.665
69 218 0.0567 0.106
84.5 225.2 0.051 0,742
75 251 0.0208 0,8
68.5 255.6 0.0153 0.85
56.5 242.5 0.0124 0.875
47.5 246,9 0.0975 C.91
58 251 0,0955 0.94
51 253.4 0.087 0.96
26,5 255.9 0.078 0.975
25.5 257 0.078 0.985
20 259 0.08 _ L
Eibre dimensions.
Length = 0.585 : Mass/unit length = 6.8 [ig/cm.
Density = 1,142 g./om^.
.0.
at 20 C - 246 and 259 ops.
b20 “ 5*46.10^^ and 6.05.10^^ dyn/cm2
'O
<2 'E>
159.
TABLE XII E„
RATON; Dynamic Lending properties and Temperature.
Temperature
Oç.
Resonant :
frequency
f'^ c/s. w '
tang, Relative bend­
ing Modulus
B't/B'b20
180 225 0.0525 0.6
170 234 0.0465 0,65
160 239 0.04 0.68
151.5 244 0.0344 0.705
141.5 249.5 0.0297 0.74
15:.5 253.75 0.0248 ' 0.765
124 257.5 0.0217 0.785
120.5 259.1 C.OI97 0.8
114 261.4 0.0182 O.8I5
106 264.4 0.0161 0.83
99 267.2 0.0135 0.855
92 269.25 0.0122 0.86
86 271.45 0.0118 0.875
80.5 2^3.8 0.011 0.89
73 276.65 u.OlOl 0.915
64.5 278.5 0.0094 0.925
53 281.5 0.00816 0.94
44.5 284 0.0072 0.96
30 287 0.008 0.98
20 290.15 0.00825 1
11 292.3 O.CIO25 1.015
1 293.9 0.0109 1.022
-9 296.3 0.0155 1.03
-17 298.5 0.0168 1.06
-29 301.8 0.0232 1.03
-40 305.3 0.03 1.11
-47 308.15 0.0335 1.13
-54 310.8 0.0373 1.145
-61 313.8 0.0383 1.17
Fibre dimensions:
Length = 0.55 cm s Mass/unit length = 1.7 ^g/om. 
Density = 1*519 gn/om^.
at 20°C = 290.15 and 249.6 cps,
£'E' 20 = 36.21. 10^° and 26,88,10^° dynes/om .
160.
TABLE XIII A.
lER'YLENEs Dynamic bending properties and Temperature. 
Normal,
Temperature Resonant
frequency
f ' c/s. n '
tan S Relative bend­
ing Modulus
E'VEgao
183 103.5 0.078 0.13
175 112 n.098 0.154
170 115.5 0.1125 0.163
166 121 0.124 0.18
159.5 131.4 0.^ 49 0.21
153 144.8 0.161 0.256
149 157.5 0.166 O.3O8
146 162.4 0.164 0.322
138 177 0.116 0.388
135 191.5 0.125 0.448
130 206 0,107 0.52
125 225 0.072 0.62
119 235.9 0.049 0.68
115 244 0.0332 0.73
110 250.7 0.024 0.77
106 255.5 0.0157 0.79
98 260.8 0.0152 0.83
89.5 265.3 0.0102 0,86
78 269.3 0.008 0.89
63.5 273.5 0.0095 0.915
50 277.5 0.0132 0.94
36,5 280.7 0.0196 0.965
23 285.4 0.024 0.995
20 286 0.028 1
7.5 290.5 0.0344 1,03
-7.5 295.5 0.0425 1,06
-14.5 301.8 0.0448 1.11
"24.5 308 0.052 1.16
-32.5 314 0.054 1.2
-42 320.5 C.O56 1.26
-52 328 0.052 1.31
-63 335 0.048 1.37
-70 342 0.044 1.43
Fibre dimensions: Lengjh = 0,45 cm,
Density = 1.375 gn/cm^,
JO -, / 2
Mass/unit length = 2.58 cm.
e ' E ' b20 10.8.10 dynes/om ,
161.
TABLE XIII B,
YERYLENB: Dynamic bending properties and Temperature.
Heat set at 180^ for 1 hour, under 500 mg. load.
Temperature
"c
Resonant
frequency
f o/s. 
..... 0
tan Si Relative bend­
ing Modulus
®'V®'b20
159 109 0,12 0,22
153 115.5 0.139 Ü.24
148.5 124.5 0.„,5 0.285
143 134.5 0.15 0.335
139.5 142 0.142 0.37
131 154 0.126 0.435
129.5 166.5 0.^02 0.505
124 175.5 0.084 0.562
120 185.5 0.0625 0.63
110 198.5 0.0352 0.72
105.5 202.5 0.025 0.75
I 97 209.3 0.0143 0.8
88 213.9 0.0124 0.82
77.5 217.9 0.011 0.87
69 220.6 0.0108 0.89
61.5 222.85 0.01075 0.91
53 224.8 0.0115 0.93
44.5 226.55 0.0145 0.945
33 229.4 0.0209 0.97
27 230.8 0.0225 0.98
20 233.5 0.026 1
12 235 0.03 1.018
1 238 0.0376 1.01
-6 241.3 0.044 1.06
-15 246 0.049 1.11
-22 249.5 0.0522 1.14
-30 254.3 0.0542 1.19
-41 260.5 0.05 1.24
-48 264.8 0.0472 1.29
-54.5 268.2 0.0455 1.32
-63.5 271.9 0.0415 1.35
-67 273.5 0.04 1.37
Fibre dimensions: Length = 0.5 cmi
Density = 1.393 gm/cm^.
^'Eh = 10.86
Mass/unit length = 2.4 jULg/cm.
b20 10^^ dynes/cm^,
162.
TABLE XIII C
TERYLENEï Dynamic bending properties and Temperature.
Heat set at 150°C for 1 hour under zero load.
Temperature
 ^ Oo
Resonant
frequency
f c/s. 
r
tan6 ' Relative bend­
ing Modulus
162.5 83 0.12 0.187
158 86.3 0.1345 0.202
152 93 : 0.16 0,235
148.5 98.5 C.176 0.264
144 105.5 0.18 0.28
139.5 112 0.17 0.34
133 124.5 0.137 0.42
129.5 131.5 0.129 0.47
125 142 0.0985 0.55
119 151.9 0.0725 0.625
115 160 0.05 0.692
107 165.6 0.056 0.742
97 113 C.OI5 0.812
87.5 177 0.0113 0.85
76 181 0,011 1.89
66 183.25 0.0104 C.912
56 185 0.0108 C.93
44.5 187 0,0425 0.95
38 108.1 0.0149 c .96
25 190.65 C.0226 0.905
20 192.2 0.029 1
6 195,3 0.0384 1.04
-6 199.5 0.049 1.00
-19.5 204 0.054 1.13
-31 209,4 0.0575 1.185
-42 214,4 0.058 1.25
-54.5 220.5 0.06 1,32
-.-."70 226 0.057 1.58
Fibre Dimensions. Length 
Density = 1.393 gm/cm^.
0.515 cm: Mass/unit length = 2,435/fg/cm.
G'E'.n^ " 8.2,10^^ dynes/om2.b20
163.
TABIE XIV A.
POLYBLEND : Dyiai’aic Lending properties and Teniperatijre
Type BH„.
Temperature Resonant
frequency
f c/s,
0
'tanS Relative bend­
ing Modulus
®'^/’b20
! 164 152 0.076 0.215
160.5 156 0.083 3.226
157 160 0.19 0.238
152 166,4 0.096 0.256
149 171,5 0,1 0.272
1^5 174.5 0.106 0.28
141.5 : 182 0.11 0.295
154 195 0.104 0.354
130 202 0.101 0.38
124 212 0.094 O.4I8
118. 5 227.5 0.087 0.48
110 244.5 0.0695 0.56
102 251 0.0612 0.63
98 ; 268,5 0.058 0.67
88 285.8 0,035 0.76
81.5 292 0.027 0.79
75 ' 299.6 0.02 0.83
68 304 0.01315 0.86
59 310 0.0128 0.89
50 ■ 315 0.0117 0,92
12.5 317.6 0.107 0.94
35 321.3 0.0124 0.96
28 323.9 0.015 0.975
20 328 0.016 1
13 329.5 0.0165 1.01
5 331 0.0172 1.02
-5 334 0,0242 1.04
"12 338 0.0272 1.06
"23.5 342.5 0.03 1.09
"33.5 348.5 0.034 1.13
-44 354.5 0.0382 1.17
-55 362 0.04 1.22
-63 368 0,0422 1.26
-67,5 374 0.044 1.3
Fibre dimensions: Length=0,57 cm; 
Density = 1.215 gm/cm „
£'E' 20 " 7.224.10^" dynes/om
Mass/unit length=6.8 ^ g/cn.
164.
TABLE XIV B,
POLYBLEKDs Dynamic bending properties and Temperature.
Type BH,,
Temperature Resonant
frequency
f,. c/so 0 '
tan& Relative bend- 
: ing Modulus
; 160 110 0.1 0.18
1 157 115.5 0.1145 0.192
150 121.8 0.12 0.22
146 125.9 0.125 0.235
144 131.55 0.126 0.258
l?9 140.2 0.125 0.294
151.5 153.5 0.112 0.35
124 165.7 0.099 0.41
120 172.8 0.092 0.445
115 181 0.C78 0,49
111 187.5 0.07 0.525
104 195.5 n.058 0.57
100 204.8 0.051 0.625
95.5 210 O.045 0.66
88 222 0.032 0.735
80.5 231 0.022 0.795
75 236.7 0.016 0.84
63.5 241.5 0.0124 0.87
54 245.5 0,0106 0.9
45.5 249 0.0304 0.925
33 253.5 0.009 0.955
26.5 256.2 0.0148 0.982
20 259.9 0.0162
6 264.25 0,0208 1.04
-5 267.2 0.0262 1.06
"16.5 271.85 0.0272 1.1
"20.5 273.5 0.0278 1.12
"26 277.2 0.0315 1.14
"55.5 280.5 0.032 1.17
-57 289 0.035 1.24
"65 291.5 0.033 1.27
6'E' b20
0.6 cm: Mass/unit length = 6.8 pg/cm, 
7.58.10"""" dynes/cm'
Fibre dimensions: Length
Density = 1.21 grn/om^
JO . / 5
165.
TABLE XIV G.
POLYBLENBs Dynamic bending properties and Temperature,
Type BH^.
Temgerature Resonant
frequency
f c/s.0 '
tan S'l Relative bend­
ing Modulus
160 88.5 0.11 0.135
152 93 0.14 0.15
146.5 105 : 0.16 0.19
140 10 0.19 0.2
136 113 0.197 0.22
129 134.5 0,186 0.312
124 145.5 0.165 0.365
120 153 0.14 O.4O8
114 168.75 0.11 0,494
108.5 179 0.0895 0.56
100 196.3 0,051 0.665
96.5 202.2 0.0396 0.71
88 210.7 3.0246 0.77
80.5 216.6 0.0184 0.81
70 219.3 0.0137 0.83
62.5 225.1 0.1065 0.88
53 228,2 0.00875 3.91
47 230.1 0.007 0.93
40 232.3 0.0085 0.94
30 235.7 0.00765 0.965
20 240.5 0.00915 1
14 243.4 0.0095 1.012
-7.5 246.1 0.00975 1.042
-14 248.2 0.00965 1.062
“23.5 250.1 0.012 1.08
“33.5 252.5 0.01425 1.1
-41.5 254.5 0.0157 1.12
-55 258.4 0.0193 1.16
“63.5 260.6 0.025 1.18
Eibre dimensions: Length = 0.592 cmi 
Density 
e'E'
Mass/unit length = 6,8 jag/cm.
b20
- 1.152 gm/cm .
= 5.566. 10^^ dynes/om^,
166.
TABLE XIV B.
DACRONs Dynamic bending properties and Temperature.
Temperature 
. *0
Resonant
frequency
q  o/s.
tan S- Relative bend­
ing Modulus
^'V^\20
180 1 97 0.1 0.13
176.5 ? 100 0.112 0.138
170 i 107,5 0.126 0.16
160.5 i 124.5 0.152 0.215
154 [ 133 0.r65 n.244
15: ; 142.5 0.17 0.28
147 ! 152 0.164 0.32
140 1 172 0.14 0,41
132 I 201.5 0.11 0.56
125 216.5 ; 0.08 0.65
120 225 0.06 0.7
112.5 233 0.0258 0.75
108 ; 237 0.021 0.78
100 i 242.5 0.0124 0.815
95 i 245.2 0.0114 0.832
81.5 f 250 0.0108 0.862
71 ! 253.3 0.0103 0.885
60 : 256 0.0117 0.91
; 49 : 259 0.0135 * ).93
40 1 261 0.0153 0.942
36 1 264.3 0.022 0.955
26 266 U.0287 0.98
20 269 0.032 1
10 : 273 0.0402 1.025
C ; 278 0.048 1.07
-11.5 ; 288 0.0556 1.142
"21 297 0.0605 ■ 1.22
“32 306 0.06 1.29
"40 310 0.052 1.33
“49 317 0.044 1.39
"58 323 0.0372 1.44
Fibre dimensions: Length = 0.595 cm: Mass/unit length 
Density = 1.383 gm/om .
6,5 ^g/cm,
b20
i n  9
“ 10.83.10 dynes/om ,
167.
TABLE XV A
NYLON 66 Type As Bynamio tensile properties,Temperature and
Relative humidity.
Fibre 1.
io R.n. Temperature ■tan S Dynamic tensile 
Modulus 2 
B'lO^O dynes/cm .
95 0.1 3.4
87 0.085 3.5
79 0.075 3.65
72 0.065 4.85
45 66 0.06 4
56 0.055 4.3
46 0.045 4.6
40 0.04 4.8
52 0.055 5.2
20 0.03 6.6
88 0,053 1 3.15
80 1 0.0575 3,3
72 ; 0.065 3,4
64.5 0.07 i 3.5
65 60 0,0675 ; 3.55
55.5 0.065 3.6
50 0.0625 : 3.75
44 0.06 3.9
55 0.0525 > 4.2
27 0.045 4.8
20 0.0425 5.8
91.5 0.0575 2.6
82 0.0525 2.7
69 0.0575 2.8
57 O.O625 2.95
85 50 0.07 3
45 0.075 3.1
59 0.08 3.2
54 0.075 3.4
50 0.07 3.65
27 O.O65 4
20 0.06 4 • 6
168.
TÂBI.E XV B
îIYIiOIT 66 Type As Dynamic Tensile properties, Temperature and
Relative humidity,
Fibre 2,
io RIL Temperature
"c
tan. g Dynamic tensile 
Modulus 2 
E'lO dynes/on .
143 0.0425 3.25
140 0.045 3.3
135 0.05 3.35
130 0.06 3.4
125 0107 5.5
122 0.075 3.6
0 120 0.0625 3.65
116 0.09 3.7
114 0,0975 3.8
110 0.085 4
108 0.08 4.1
105 0.0725 4.5
100 0,06 4.5
95 0.0525 4.7
90 0.045 5
85 0.0375 5.25
; 80 0,03 5.55
95 0.0675 3.5
90 0.0775 3.6
87 0.085 3.8
80 0.075 4
75 0.0675 4.2
70 0.0625 4.35
45 65 0.0575 4.5
60 0.055 4.6
55 0.0525 4.8
50 0,0475 4.9
45 0.045 5.1
40 0.0425 5.3
35 0.0375 5.5
30 0.035 5.8
25 0.0325 6.3
TABLE XV B,
CONTINUED:
169
95 0.05 2.8 :
90 : 0,0525 2.95 ^
85 : 0,055 3,1
80 i 0.06 : 3.2 1
75 i 0.0625 3.5
70 i 0.0675 : 3.45 1
65 1 0.0725 3.55 ;
1 65 60 1 0.0675 3.7 i
55 1 0.065 3.8
50 0.06 3.9
45 : 0,0575 4.05
40 0,055 4.2
35 0.05 4.4
30 0.0475 4.65 1
25 0,045 5
20 0.0425 5.7
95 ; 0.05 2.6
90 0.0475 2.65
85 0.045 2.7
80 n.045 2.8
75 0.045 2.85
70 0.0475 3
85 65 0.05 3.05
60 0.0525 3-1
55 0.055 3.2
50 0,06 3.25
45 0.0675 3.35
40 0.075 3.5
35 0.0675 3.6
30 O.O625 3.8
25 0.0575 4.1
20 0.055 4.5
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T/lBLE XV c.
NYLON 66 Type B: Dynamic tensile properties, Temperature and
Relative humidity.
Fibre 1.
io RH. Temperature tan 6 Dynamic tensile 
Modulus n 
E * lOlOdynes/om .
1*5 0.075 5.5
120 0.085 3.55
117.5 0.09 3.7
115 0.095 5.8
115 0.1 4
110 0.105 4.1
107 0.105 4-3
0 100 0.0925 4.7
95 0.0825 5
: 90 0.075 5.35
85 0.07 5-6
80 0.06 5-8
76 0.055 6.1
67 0.045 6.35
62 0.04 6.4
55 0.035
50 0.03
95 0.05 2.95
88 0.055 3
80 0.0625 3.2
75 0.0675 3-5
45 58 0.0625 3-8
60 0.0575 4.35
55 0.055 4-75
50 0.05 5-2
40 0.04 i 5-7
50 0.035 6
20 0.04 6.1
TABLE XV G 
CONTINUEL0
171-
90 0.055 2.6
85 0.0575 2.6
80 0.06 2.7
73 0.065 2.75
65 0.0725 2.85
59 0.0775 2.95
; 65 53 0.0775 3.2
50 0.0725 3.3
45 0.0675 3.7
40 : 0.0625 4.2
35 1 0,06 4.6
30 ; 0.0475  ^ 4.9
20 i 0.045 5.1
95 0.04 2.3
90 0.0375 2.35
80 0.0375 2,4
70 0 04 2.4
85 60 C.045 2.5
55 0.05 2.5
48 0.0575 2.6
42 0,065 2.75
35 0.0775 2.8
30 0.085 3-1
20 0,875 3.6
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TABIiE XV B.
NYLON 66 Type B: Dynamic tensile properties, Temperature and
Relative humidity.
Fibre 2,
io RH Temperature
; q
ttUl ^ Dynamic tensile 
Modulus p ; 
E'lO^O dynes/om.
141 0 045 3.2
157 0.05 3-3
155 0.055 3.4
150 0 06 3.5
126 0,065 3.6 :
122 0.07 3.8 1
117 0.0775 4 ;
0 115.5 0.08 4-2
110 0.08 4-3
107 0.075 4.45
102 j 0,065 4.65
100 i 0.06 4.8
95 0.0525 5 !
90 0.045 5.3
85 0.0375 5.5 1
80 0.03 5-8 1
95 0.05 : 3-1
87 0.055  ^ 3.2
80 0.0625 3-4
75 0.0675 3.6
70 O.O65 3.9
65 0.06 4.2
: 45 60 0.0575 4.55
55 0.0525 4.85
50 0.05 5.1
47 0.0475 5.3
40 0.0425 5.6
55 0.04 5.8
50 0.0375 5-9
25 0.035
TABLE XV B.
CONTINUEDg
175.
95 0.05 2.4
90 0.0475 2.5
1 85 0.05 2.6
1 80 0.0525 2.7
75 0.055 2.8
70 0.06 2.9
65 0.0625 5
65 60 0.0675 3.2
56 0.07 5-3
50 0.065 3.5
45 0.06 3.7
40 0.0575 4
55 0.055 4.2
30 0.0525 4-5
20 0.05 4.9
95 0.04 2
90 0.0575 2.1
85 0.035 2.15
75 0.0375 2.2
70 0.04 2.2
65 0.0425 2.2
65 60 0.045 2.3
55 0.05 2.35
50 0.055 2.4
45 0.0625 2.45
40 0.07 2.5
35 0.075 2.7
50 0.0825 2.8
27 0.09 i 3
20 0.0875 ; 3.4 :
17 0.08 3-5
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T.VBLE XV E.
NÏLON 66 Type Cs Dynamic tensile properties, Temperature æid
Relative humidity.
Fibre 1.
i fæR. Temperature : 'taa^ 8 Dynamic Tensile
c_ ModulusC E * 10^6 dynes/cm
153 ' 0.07
— t  1 >tii'i null inr iiiriiiiiiiiii|lnmiiMinrirwrwiiinirmii iirlMT<i-iiiini-i
3-4
128 0.075 : 3.4
121 ( 0.0825 3-55
114 i 0.09 3.8
110 : 0.095 4
106 i 0,09 4.2
101 [ 0.0825 4-45
0 95 0.075 4-8
90 1 0.07 5-1
87 0.065 ; 5.35
S3 0.06 5.55
78.5 : 0.055 ! 5-7
74 0.05 5-9
70 0.045 6
65.5 G.04 6.1
60 0.035 6.15
93 0.06 3.1
■ 87 0,065 3.2
S3 0.0675 3-3
78 5 0.0725 3-4
71 : 0.0675 3-6
45 67 0.0625 : 3.9
60 0.055 4-2
55 0.05 1 4.4
50 0.045 I 4.7
45 0.04 1 5
40 0.035 5.3
30 0.0275 : 5.8
Table xy e,
CCLTINIJEI):
175
93 0,045 2,4
90 0.0475 2.5
85 0.05 2.55
79 0.055 2.6
72 0.06 2.7
67 0.065 2.9
. 65 60 ! 0.07 3.1
5f' ; 0.06i 3-3
49 0,06 3.5
45 0.055 3.8
57 0.05 4,2
50 0.0475 4.6
27 ■ 0.0475 4.8
20 0.055 5.2
92 0.0375 2.2
82 0.0375 2.3
72 0.0425 ! 2.4
63 0,0475 2.55
35 54 0,05 2.6
45 0.06 3.2
40 C.O65 3.35
37 0.07 3.5
33 0.075 : 3.65
29 0.08 3.8
20 0.075 4.1
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TABLE XT F.
NYLON 66 Type Cs Dynamic tensile properties, Temperature and
Relative humidity.
Fibre 2.
i Hii Temperature 
 ^G
'tan 6 Dynamic tensile 
modu],u8
E ’10 dynes/om
142 0,04 5-1
136 * 0.045 3.2
132 ■ 0.05 3-3
127 0.0575 3.4
123.5 ; 0.0625 3-5
120 i 0.0675 3-6
0 117 : 0.0725 3.8
114  ^ 0.08 3-9
108 i 0,0775 4.2
103 1 0.065 4-5
100 i 0.06 4-65
95 ( 0.0525 4-9
90 1 0.045 5-2
87 0.04 5.4
80 0.0325 5.7
95 0,055 3
90 : 0.06 3-1
85 i 0.0625 3.2
80 0.0675 3-4
45 75 0.0725 3-45
70 0.0675 3-7
64 0.06 4
57 0.0525 4 0
47 0.0425 4.9
39 0.035 5-4
32 0.05 5.8
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ïaBI.S XV F
CONTINUED:
95 ; 0.0525 2.5
90 0.05 2.55
85 0,0525 2,65
80 0.055 2.7
75 ; 0.0575 2.8
70 0.0625 2-9
♦5 62 0.07 3-1
55 i 0.0675 3.3
50 0.065 3.45
43.5 0.0575 3.3
38 0.0525 ; 4.1
32 : 0.0475 , 4 - ‘*r
27 0.045 4.6
20 0.045 : 4.7
95 : 0.0575 2.1
90 0.055 2.2
85 0,0575 2.25
80 0.04 2.3
70 0.045 2.4
85 64 0.0475 2.5
57 0.0525 2.65
51 0 0575 2.8
43 0.065 3
34 0.075 3-4
30 0,08 3-55
26 0.085 3.7
23 J.08 3.8
20 0.075 3.95
17. 0.07 ‘T
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TABLE XVI.
HEAT SETTING CüîIDa LIONS,
Fibre types Treatment.
Acrila,n 16A. . .Heat set at igO^G in an oven for 1 hour
Nylon 66 tj^ ie 900A .. .under 1CÇ6 extension and slovfly cooled to 
roon temperature.
Acrilan I6B-, * • .Similar treatment as above but at 150^ 0
Acrilan C o * O o .Heat set in boiling water at lOO^C for
Nylon 66 type 900B .. .1 hour under ICÇj extension and then cooled 
and dried at 20^ 0 and 6$ÿo RH.
Acrilan B .. « 4 « O .Heat set at 19@^G in an oven for 1 hour
Nylon 66 type 900C .. .under zero tension and slowly cooled to 
room temp era ture.
^'erylene A. . .'Single fila rnt he;, t set at 180^C for 
1 hour over Pg09 in the apparatus(bending) 
under 200 mg.load/Denia and cooled to 
roon temperature
Terylene B .. .Hea.t set at 180^0 in an oven for 1 hour 
under zero tension and slowly cooled to 
room t emperature.
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TABLE XVII.
Measured values of Optical 'birefringence and Density.
Fibre type. Optical Birefringence 
at 20°G & i^j/o RE.
Density g./cn^ 
at 20°C & 050 RE. :
Acrilan l6 1.1845
Acrilan loA 1.179
Acrilan 16B 1.187
Acrilan l6C 1.186
Acrilan 16D 1.1845 :
Polypropylene A 0.025* 0,92
Polypropylene B 0.025 * 0.915 :
Polypropylene C 0.029 * 0.905
Nylon 66 A 0.0672 ; 1.15
Nylon 66 B 0.0672 1.145
Nylon 66 C ' 0.0675 1.144 ;
Nylon 66 BÎL 0.0656 1,142
Nylon 66 type 900 0.0664 1,144
Nylon 66 type 900 A • 0.0685 1.147
Nylon 66 type 900 B i  0.0685 1.149
Nylon 66 type 900 G 0.0642 1.1485
Terylene 0.1828 1.575
Terylene A 0,209 1.595
Tervlene B 0.175 1.595
Dacron 0.1854 1.585
Rayon 1.519
Polyblend BE^ 0.104 1.215
T'olyblend Bly 0.1025 1.21
Polyblend BH^ 0.0686 1.152
* determined Ly the Becke line method of refractive index 
measurements using polarised light.
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KEY TO TABLES XVIII A & B.
F I B R E  T Y P E  C O D E  No.
Aorilan l6 1
Aorilan 16, heat set at 150^0 for 1 hour
under 10^ extension. 2
Acrilan l6, heat set at IJO^C for 1 hour
under IC^’ extension. 5
Acrilan l6, heat set in boiling water at
lOO^C for 1 hour under 10^ 6 extension. 4
Acrilan l6, heat set at 150^ 0 for 1 hour
under aero tension. 5
Polypropylene A 6
Polypropylene B 7
P olypropylene C 8
Nylon 66 type A 9
Nylon 66 type B 10
Nylon 66 type C 11
Nylon 66 type BH^  12
Nylon 66 type 900 15
Nylon 66 type 900, heat set at l^O^C for 
1 hour under 10^ 4 extension. 14
Nylon 66, type 900,heat set in boiling water 
at 100 C for 1 hour under ICf^  extension. 15
Nylon 66 type 900, heat set at 150^ 0 for
1 hour under zero tension. 16
Dacron 17
Rayon 18
Polyblend type 19
Polyblend type BH^ 20
Polyblend type BFI^  21
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ÏABIE XVIII A.
Optical, Physical and Mechanical properties of sorie synthetic fibres.
[Code
ho.
Optical 
birefringence 
at 20°C &
* Density
g/cm.3
at 20 G &
■ Initial Moduln^ 
; E ' 10 dynes/cirl
field point at 
20°C 6 6j}i EH
Breaking point at 
20°C & 659; EH.
: at 20°G & stress I % extension Stress 
10" dyn/
Exten­
i 65?f, RH, RH. : 65/ RH. , 10-^ dyn/ci'i cm" sion.
I'
1 1. 1.1845 5.5 ; 1.15 5.5 ■2.55 50
2. 1.179 5.15 , 1.5 5.5 2.4 42
5. 1.187 5.15 i 1.36 5.5 ’ 2.54 51
4. 1.186 5.15  ^ 1.18 5 : 2,49 57
5. 1.1845 5.75 ; 1,18 5.5 ' 2.54 46
6. 0.025 0.92
7. 0.025 0.915
8. 0.029 0.905
9- 0.0672 1.15 4.2 : 2.85 ; 14.5
10. 0.0672 1.145 2.95 8.2 16.5 : 8.55 21.6
11. 0,0675 1.144 5.25 9 16.5 : 9.25 24
12. p.0656 1.142
15. 0.P664 1,144 2,5 8.5 16.5 8.8 25.5
14. 0.0683 1.147 5.5 8.7 12  ^9.5 ■ 20.4
15. 0,0685 1.149 5.5 9 12 , 9.4 19
16. 0.0642 1.1485 2*75 7.6 20 8.55 28.7
17. 0.185/ 1.585 5.4 7.8 15 8.5 18.6
\1Q. 1.519 14.25 1.5 1 7.5 15.6
il9. 0.104 1.215
}20. 0.1025 1.21
:2i. 0,0686 1.152
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TABLE XIX,
Moisture re gain of some Han-made fibres.114
Type of fibrec Temperature: R E.
1 40 ; 75 90
Acrilan 16 2155.6
i 0.9
1 0.9
1  1.4 
1  1.4
1.7
1.7
2.1 
; 2.4
Nylon 66 2135.6
' 2.4 
i 2.9
; 3.9 
: 3.7
4.5
5.0
6.5
7.3
Polyester 2135.6
: 0.3 
0.2
0.3 
: 0.3
0.4
0,4
0.4 
. 0.5
Viscose rayon. 2135.6
8.8
8.4
 ^ 12.1 
12,4
15,3
15.6
20.8
25.1
CHAJ'ÎER V. STR'I.HUÎY 6HD COîTCIHSIOH
184-
SUîhAHY a:d  conclïïsigii.
The ‘oorlc that is presented in tFiis tliesis has been aimed at 
determining the dynamic mechanical properties of several natural and 
synthetic fibres of normal textile counts over a wide range of temperature 
and/or humidity. For this purpose two experimental techniques have 
been developed in the Fibre Science laboratory at the University of 
Strathclyde, One of t)ie experimental techniques used for measuring 
the dynamic bending properties of dry fibres in vacuo is similar to that 
used by Meredith and IIsu^ ,^ but with certain minor modifications in the 
design of the fibre holder made of quartz rod carrying a suitable metal 
clip for mounting the fibre. The use of the quartz rod was to minimise 
conduction losses through the fibre mounting imit. The basic principle 
of this method consists of a clamped fibre in the fom of a cantilever in 
an electrostatic field between tvro electrodes, brought to resonance in the 
transverse direction by superimposing on the electrodes an alternating 
field of the right frequency supplied from a variable frequency oscillator. 
On this apparatus dynamic bending properties of dry fibres csn be measured 
at 50 - 600 ops fairly quickly and ver%" accurately over a wide range of 
temperature but, when dealing with norrial textile counts the measurements 
have to be made in vacuo to avoid correction for damping. Meredith and 
Hsu have ’corked out theoretical correction for damping, nevertheless, the 
magnitude of correction is larger than the quantities that one is interested 
in measuring.
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This mesjis of course, that it is difficult by this method to obtain 
accurate results other than in di^/- state.
Tne other experimental technique used for measuring the dynamic
mechanical properties of fibres of normal testtile counts over a wide
range of temperature a:id/or humidity is similar to that employed by
75Yoshino and Takayanagi . The principle of this method is to fix 
both ends of bne sample to tno strain gauges of unbonded type. One 
of the strain gauges is used to transform the sinusoidal displacement 
into an electrical quantity proportional to the displacement and the 
other is a transducer of generated force. The absolute values of these 
electrical vectors representing force and displacement are adjusted to 
unity (full scale of deflection on voltmeter) and vector reduction is 
achieved by changing the connection of tlie outsat,., circuit of the two 
strain gauges. By tnis operation the value of tan 6 can be direetly 
read off the voltmeter. Regulation of the magnitude of the vector is 
brought about conveniently by controlling I) d input of the strain gauges. 
The dynamic tensile modulus is calculated from the ratio of the input 
voltages of the strain gauges ^2/v^. V/lien output voltages are regulated 
to unity, the dynamic tensile modulus E' => k (^2/v^)^ wheikk is a constant
tri4,JCr(t
relating to the dimensions of sa:.: pi os and strain gauges. In thiSy/since 
sinusoidal forces are ap lied longitudinal.ly to the fibre air damping has 
no influence. Therefore, dynuuiic tensile properties can be studied very
186,
accurately over a wide range of temperature and humidity.
Since Yoshino and ■I'akayangi nade dynamic tensile measurements on 
poljnner films, the electrical strain gauge system they used for detecting 
the in-phase and out of phase deformational responses of the specimen 
subjected to an alternating stress was ralher coarsfe-(250 gms,maximum 
load) and hence was not sensitive enough for handling normal textile count 
It "Till, therefore be appreciated that an apparatus had to be designed 
and built <^itl'i very fine strain gauges (20 g^ ns.maximum load) in order to 
malce measurements possible on fine textile couiito. Yo'oevcr, it may 
be useful, to mention that since this -crk began Japanese T,.7orl:er3 have 
introduced on apparatus into the :ia,rket suitable for fine textile counts 
called 'Vibron' which works on similar principle the one described 
above.
In summarising the results it should be mentioned that much 
information on the dynamic mechanical properties over a \/ido range of 
toTperature and humidity of several textile fibres and fibres from tyre 
cords has been obtained in this v/or'iv. which ' r,s hither to not available in 
great detail. Thu results on tyre cord fibres are expected to be of
significant practical value in the development of better tyre cord 
reinforcement.
The w'ork on d:>ciariic bending; properties on dry fibres in vacuo at
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50 « 600 cps over a range of tenperature from -70  ^to lyO^C has been 
concentrated on several groups of fibres e.g. Protien, Cellulosic and 
regenerated cellulosic, modified regenerated cellulosic, polyacrylonitrile, 
polyolefin and finally polyamide, polyester and polyblend fibres. Protien 
fibres such as wool, silk and Pibrolane, cellulosic and regenerated 
cellulosic fibres such a.s ramie, Portisan ■ nd viscose royon and modified 
regenerated cellulosic fibres namely, acetate and Trieel have been 
studied. Included in the synthetic fibres studied are Acrilan l6,
Orion, three types of polypropylene, eight types of nylon 66, Terylene, 
Dacron and three types of polyblend fibres.
Acrilan 16 and Terylene fibres heat set under various conditions 
have also been studied. All the results have been graphically 
represented and discussed in the preceding chapter.
The salient feature in theso results is that each group of fibres 
shows characteristic response to dynamic mechanical testing over the 
range of temperature studied. This response nay be seen to occur 
consistently even in nadural fibres like wool, silk and re„mie. Although 
the multiple transition phenomena in polyorystalline materials observed 
by this method alone not fully susceptible to interpretation at a 
molecular level nevertheless, they form a useful basis for further work 
using the current techniques of infra-red spectroscopy and nuclear magnetic 
resonance spectroscopy.
188.
Ill the study of the structure of high polyr'crs those three far-reaching 
techniques are the uost popular to date.
From the results it ■■dll he noticed that die glass transition
température for fibres are considerably higher than thos reported for 
20polymer rods , e.g. for dry nylon 66 fibres the glass transiton 
ter.peratuxe occurs at about 120  ^to 135^0, where for nylon 66 rods :t 
is reported to occur* at about 80 C^, This difference is of coTjirse,
attributableto high degree of orientation and crystallinity in fibres 
compared with rods.
The other features that are noticeable are that the dyaamic 
mechanical properties of polar polymers are extremely sensitive to moisture 
At 8^ /0 RH the glass transition peak for nylon 66 fibres occur almost at 
room temperature. T'ds behaviour of nylon 66 fibres is comparable with 
that cf dry polypropylene fibres which also exhibit a glass transition 
neak aromid room temperature. It is further evident from the dynamic
mechanical behaviour of rayon, nylon 66, Acrilan IS and Dacron that at 
temperatures above room temperature segmental motion increase^ with noistur 
regain and polar polymers vrhich hr^.ve higher moisture regains exhibit glass 
transition peaks at comparatively lower temperatures than polymers vdth 
lower moisture regain. Since gloss transition peaks aro generally 
associated 'dth sharp changes in moduli, under wot conditions the working 
i'cdulus range over the temperature scale v/ill bo poor for fibres with 
hig]"i moisture regain. Therefore^ it is apparent that under wet
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conditions tyres reinforced i;ith Dacron dords would show hotter dynamic
mechanical performance than those reinforced with rayon or nylon cords.
Ho'-ovcr, good response of tyre cords to dynamic stresses and strains over
a ra,ïg:e of tenperature end humidity is hut one of the many desirable
properties in deciding the choice of fibres for tyre cord manufactur'e. In
this respect the new polyblend fibres which, are possibly being developed 
for tyre cords seem to combine the properties of polyamides and pelyestera 
"and therefore may prove suitable for the manufacture of bettor tyres that
do not produce 'flat spots* (as in tyres reinforced with nylon cords) and 
show better performance under various weather conditions. Since the 
composition of these fibres have not yet been made knovm, it is as yet 
early to predict the potentialities of these newer fibres for t^ ores.
Finally it should be mentioned that nylon 66 fibres heat set in 
boiling water at lOO^C for one hour under XOjo extension s'^ov; glass tran­
sition peaks and associated changes in moduli at higher temperatures over
the range of temperature and humidity investigated. This behaviour is 
attributed to the larger size of crystallites that are possibly formed in
nylon 66 in the presence of water. The effect of heat setting on the
dynamic mechanical properties of Acrilan l6 and Terylene are not as marked
as in nylon 66.
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